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DECLARATION OF Jonathan Buckley UNDER 37 C.F.R. §1.132 

Sir: 

I, Jonathan Buckley, hereby declare as follows: 

1. I am. an Associate Professor and Deputy Director of the Nutritional Physiology 
Research Centre and Co-Director of the Australian Technology Network Centre for Metabolic 
Fitness at the University of South Australia, Frome Road, Adelaide, South Australia 5000. 

2. 1 hold a Doctorate Degree in Physiology. 

3. In 1998 I was a Lecturer in Exercise Biochemistry and Physiology in the School 
of Physical Education Exercise and Sport Studies at the University of South Australia. 

4. A true and correct copy of my curriculum vitae is attached hereto as Exhibit A. 



5. I have carefully reviewed the present patent application. Serial No. 09/702,037 
("the '037 application") and have read the Official Action dated August 8, 2006. In that action 



the examiner has made assertions that improved body composition ahci condition is achieved by 
the presence of IGF-1 levels, administered by bovine colostrum via the oral route. 

6. However, it is unlikely that the IGF-1 contained in the bovine colostrum itself is 
the source of the elevation in circulating lGF-1 which has been associated with the consumption 
of some forms of bovine colostrum (eg Bioenervi^"^) (5) since the quantity of IGF- 1 contained in 
these colostrum products is not sufficient to account for the magnitude of increase in circulating 
IGF-1 reported. 

7. The following calculations show that the direct absorption of IGF-1 from orally 
administered bovine colostrum (Bioenervi™) could not fully account for all of the reported 
increase in circulating IGF-1 concentration that has been reported previously. 

8. According to Mero et al (5), Bioenervi™ contains 67.6^')ig/L of IGF-1 . Therefore 
at a dose of 125 mL/day subjects would consume 8.45 |J.g of IGF-1 per day. Given that 
circulating concentrations of IGF-1 are on the order of 250 ng/mL in adult humans (2), and the 
average blood volume is 6 litres, the total quantity of IGF- 1 in the circulation would be on the 
order of -1,500 [ig (excluding IGF-1 in other tissues). Therefore, if 100% of the IGF-1 in the 
Bioenervi™ supplement consumed in the study by Mero et al was absorbed, and accumulated 
only in the blood compartment (which is unlikely) then the total IGF-1 consumed during the 
study period (i.e. 8.45 |xg/day x 8 days) would have been 67.6 |Lig, and would be expected to 
increase circulating IGF-1 concentrations by -10 ng/nil (assuming no turnover). Mero reported 
an increase in circulating IGF-1 concentration of 5 nmol/L (i.e. 38.2 \xg/L) which, in a volume of 
6 litres, would require the addition of 229.2 \xg of IGF-1 to the blood compartment. This quantity 
of IGF-1 represents 3.4 fold the total dose provided by the Bioenervi™ supplement consumed in 
the study by Mero et al (5), indicating that it is unlikely that the increase in IGF-1 reported in that 
study resulted from direct absorption of lGF-1 from the Bioenervi™ supplement, but would also 
have required an increase in endogenous IGF-1 production. In any case, regardless of the 
mechanism by which IGF-1 was increased in the study by Mero et al (5), the increase was not 
associated with any effect on physical performance. 



C:\Documents and Seuings\bucklejd\My Do^imenlsWVorkVRESEARCHNTony ScammellVBuckley Declaration (3).doc 



9, The product used in the '037 application is currently sold as INTACT® 
INTACT® contains 1 - 2 mg/kg (-1 .5mg/kg) of IGF-1 . Therefore an oral dose of 60g of 
INTACT® per day will deliver approximately 0.09 mg IGF-1 per day. Clinical trials have 
shown improved physical performance after daily supplemention with INTACT® for 8 weeks at 
doses of 20g/day and 60g/day (1-3) but no change in circulating IGF-1 levels (1-4). Therefore 
current evidence suggests that while INTACT® can improve physical performance the effect is 
unlikely to be mediated by changes in circulating concentrations of IGF-1 . 

10. The references referred to above are as follows: 

1) Buckley J, Abbott M, Brinkworth G, and Whyte P. Bovine colostrum 
supplementation during endurance running training improves recovery, but not 
performance. J Med Sci Sport 5: 65-79, 2002. (Exhibit B) 

2) Buckley J, Brinkworth G, and Abbott M. Effect of bovine colostrum on 
anaerobic exercise performance and plasma insulin-like growth factor 1. J Sports 
Sci 21 : 577-588, 2003. (Exhibit C) 

3) Coombes J, Conacher M, Austen S, and Marshall P. Dose effects of oral 
bovine colostrum supplementation on physical work capacity in cyclists. Med 
Sci Sport Exerc 34: 1 1 84- 1 1 88, 2002 (Exhibit D) 

4) Kuipers H, van Breda E, Verlaan G, and Smeets R. Effects of oral bovine 
colostrum supplementation on serum insulin-like growth factor I levels. 
Nutrition 18: 566-567, 2002 (Exhibit E) 

5) Mero A, Miikkulainen H, Riski J, Pakkanen R, Aalto J, and Takala T. 
Effects of bovine colostrum supplementation on serum IGF-1, IgG, hormone, 
and saliva IgA during training. Journal of Applied Physiology 83: 1 144-1 151, 
1997 (Exhibit F) 
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11. I declare that all statements made herein of my own kribwledge are true and that 
all statements made on information and belief are believed to be true; and that those statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon. 




Dated: 19 November 2006 



C;\Documenls and Seuings\bucklejd\My Doe^ments\Work\RESEARCH\Tony ScanimellXBuckley Declaration (3).doc 





f § p la S ^ ^ Q g .s^ g « <? ^ § B-i 




in 



td 



E 2 8 S-a^ e •S OS aJ-a s 9J£ J s 




•a - 

Ill Mil 



..^ ^C-f; •.r* •'■■ 




t3> ^ -a 



I 



< 

CD 
C 

CD 



t 

o 

Q. 
U) 

ID 

CD 
C 

o 

CD 
> 
TO 
X 





o 



01 



CO 



^ a « " ^ 
C JU (D P 

^ g i " i 

~ CO _ c 

"Beg 



8 ^5 



O ' 



go 

sg 

Is 



1 E 




o 
o 



> 
o 



■g 

V 





3> O \30 



-S 1- cn 



B3 




<u o _ 



ii!iiiiiiriiiiif 



> ? ' c TS i i - K H « 'S'S T3 OT* 

n ^ -^^ so « 1 S T) ■» -o I 3 ?i 

i;iljif|l.fa||JtliMtl:^ 



,: .-y ^^.^ . .vV " 



1*^ 2 
S P 5 c S X 



^"J-? I -3 I'm 




o a 2 « ^ -s 



8 



11 




g a B b 

_ *^ f> i-i 



•s a 2 s ^ 1 




ui 0 <rf g S w J 




c ^ 

<J C o 

5 ^ " 



s 
S 



I- 
l| 

o 

•S 2 

o 



s 

CO 



til 

Cl, CO ^ 



a £ ^ 
c a, * 

s f -icq 
0) -a g 3 




, rt N 3 2 A 5 
^ 5 2 S „ 



'a o .o 



■a TO 



.... ...... ^. . . . • ' 2 ^ „ ^ „ „ g 



a 




^ o CO ? 



3 y (8* raff's 



w u 3 S.§ 

ks o 



u £3 *i <; Ui t3 



tiir 

g 4> 0 S 

llllililsilslOlill 






a 

a 

.3 

I 

O 






o — CO u -c* 



Q Be s g 

e g.S i-B §fe 

villi's? 

^ C ton C? 





o ' -a J? 

+J "3 i 

U> P.S Sri ? p,a 



u ctf g 9 C 




S^H 3 ^ p: ^ fi> b p ^ 3. 

1 1 s f ® «^ # s- :S II a 5> « 8^ « ^ 
& p ffp; "^^fi^ topes' ° 



GO — 

° 3 



cots 

3 



na rt* cr 



o 

^ CO 

3. CO 

a*. 



o " 

c 

t5 



slili5|fgtf?l 



t=r 3 2 S a n & o 2. s 5. a ^ a S 

CS 4* <* <- . O <VT-'.T* _ rt g. 4^. ^ r+ CO CD. >i 



00 w a 



^3 a 



a. 

o 
re 

t— ■ 

p 

a 

o 
p. 
a 
c 



►1 » g : 



ft} - 

g 8 



P 3 a 



to w a 

111 



^ (5 S S 
« a Q. 2 O I 

8 ^^f Si 

? cr 

to &>< •-> S 



.1^ 



.5' ^ 



or 







CO 



-ill I 

ft " 



§^ p 



^ Elf ET w ^ 
: 5 10 o 5- hd 

rising |. 
1 ^ s c a 

► M n> fl) c »^ 

^sf 8-1 Is 

! g ^ S 2 cs St 

! ^ a w, ? C 
5 ^ P i P 

g o g > 3 

Co • & 



o 

5 





^ s* 

J5 <2 cr 3 P t! 



I iff fill 



S B o 

CD 



na 2* i:?" W 




-•oa e« S 




I: 



FJfBcliye peak iimnin^ speed (km-hir'^) 



Effective peak rundiiig Speed (km-hr"') 



03 



W - 




U ±7 d O 



a 



S 
1 




SB 



«j i23 H T3 © ^ R 



111 iS-g 



lis ^ § ^ ^14 



o P 



s =a 



2 0) „ 

*?.-?:if!ltlllill||| 

Q§ sis 
« « s st^sl ^gl 

1 ^ I'lllli 



O 




1 l!i!|lli^-lillitli^5^ 

B g ^ 1fl ?5 « S ^ 8 S 2 ^ „ ^ ^ M a^-S <i> 



11 ill 11: 



- ? "S S2 a 




i' Si ft! S 

ii.ll 



is •= '^f, 3 i » 




^ ten -a a 



I gl 2 ^. curl's 3 



O 

■5 



S 

•g 

3 

C 

■B 
i 



1 

s 
8 



53 rH jj 



o 



■2 2is??5 ? OS S S *> 
Sod oXJ^^cos > 



=1 

8 8 

^1 
^ 8 . 

s si 

.111 

dp ° 
£ o t§ 

{5 S3 efl o 
w § 3^ 

eg ^ 2 



IjS . « 



I"! sign's 



0 

.a 



1 I' l' • 

1 11 SIS' 

^ fi " S li § 




C .2 ^ 5 S 
^ ^ « - CI 



5 ^ 





!!!i|pil!!-tli|li 



sill 



5. d' 



^1^ 



= S d « ■* 

8 a i ^ ^ 

-r-SO I » t 

Slilll 



II 



P « g » 3 S 



l"s|2 



,2 




eg Ml o 



§1 




>5 



Is 



o do w ^ - *^ 



-0 



a, u pi, ficSc^ 



5 

C S o) 

^ 8 B F"3 



w (C5 




§5 



3 i3 -g S ^ 



S CO 

ill- 

Cj CD ^— 



S S'^S K-a i2 . 

|t SS'S iS 
iSiiS^S §|-g 3.• 



Si's 



I o 

! ff|:0 



B as 



^ 4? ^ O 




^^1 
<» p c .„ 

•a « 5^ « 

: g a ^ e 



lis 

I o o 
X! £| 



C w <^ ^ H ri 





-•Scopes « 
- o ^- o> :s 



■ • <D ^ " 

5» w 5 O 



S5 



5=5 



yi m 



S g K -5 ^ S^ 'i 



H V3 



u. a 




S ^ ^ 5 

*o o 




s 



HI; 




tu 
en 
c 



I 

E 
S 



; ■ [fl (i> _r loi -s. 

J G Q B CL 

■ "S pl-^ <n P V 

J* . §i2.S 



§2 -I 



J g' 5 s I •;: X 2 

O CU U A) Q V 3 



till 

C 00 ;:i_ - 4> 



li 



III II 



"5 p' 

t3 Ci G 




to -3 5 ^ 




3 "5 43 " 



; iSf 5| i 1-2.1 «i 



«H & 3 

o 3 «S t3 

^ 3 -g -a 

S S ^ ^ -i^ 

asi 8 



iliiir 




8 a-. 
2 ^ 




1 1 III y 



■a 



o Si ^ 4*-*^ S 



§ e 

to *o 

|s. 

If 



E £ 

il 

u o 

Is 

Sis 




a ^ o *i I 



^ o 
u> ^ <3 3 



• • -fi 5 od a ^ 

1 8 . a-.. -I,.- 1^:^,- 





I §.8, 



5* d a 3 
X X X X, 



r 



Journal of Sports Sciences, 2003, 21, 577-588 



Effect of bovine colostrum on anaerobic exetx:ise 
performance and plasma insulin-like growth factor I 
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uisuliti-Jike itrowtb factor X aGF-I) cdnSrirn^^ ^ . ""^^a <1-R^^ and plasma 

P.nl.d design. 51^ comSsSS";.^^ placebo-conScd. 

cycle po^, alacti. L^L Z^^S J^SiSaEr^T''^' ^""^'^ '"^^ Po J, pc'.: 
b«efine (/>>o.33). Pe* vertical jun,pS'aL^cif^^ <«ff°*nt bew«a groups at 

«roup, by week 4 (VJ,^: bov,-nL c^oS^lt^l^SSr'**""^^ 

jump power Cbovinc colostrum, 7370+ 5M \F- T ^'^fr "'''^ ^ 8, however, peak vertical 

170 Z><0.00 and peafe .^d/pow^ SS^Zj^^^^^^^ -"''^"-^ "> 

confidence intervals. 20 to 61 W- p oi ^ tv«. ^."'"f^nim, 14U0±215 Wj whey, protcui,; 131 1 i- 192 W; ^5% 

y>0.08). Plasma IGF-l did not change in dlTS^^b o 5?^^^ 

tupplementation duxtog liaining agnSuv 5" ~"dude that bovine colostrum 

anaerobic work capaci.^. l-RM*crXl^ iSp? ''ff'*' o- «l««ic 

S^t Sg!^^;^"'^' '"'"^^ -«°Wc po«, on^repctition n^^. ^j^^^, 



Introduction 

Colostrum is the first nJik accreted by mairiiiials after 
parturition and contains high conccntxations of biokc- ^ 
tive components that are in^jorant for the development 
of the neonate (Pakkanen and Aalto, 1997). Feedinit 
colosmim to neonatal animab has been shown S 

ggT'^lSl TJ?* P™«=» Vnthcsis (Burrin « al., 
1992, 1 W5), including the synthesis of contractile 
protem ff^^rotto ct al., 2000), leading to interest in the 
potential for colostrum supplementation to improve 
physical perfonnance in humans.. 

In The first study of its kind. Mero a aL (1997) found 
uwt 8 days of supplementation with a low dose of a 

SrlhT vT' ^"lo'^W^ ""ring speed and 
strength traimng had no. efieci on vertical jump height 
or recovery from exercise. Antoiiio « «/. (2001) 
subsequently showed that a longer period of supple 



^n^ ' ^) vrtth a moderate dose 

(20 g. day ) of a powdered form of bovine colostrum 
dunng combmed endurance and resistance training 
significantly mcreascd lean body mass, but had no effett 
on the one-reperition maximum (1-RM) for bench 
Pr^ or on ihc jpeifonnance of subma«imal bench press 

(2O02) r^ned that 8 weeks of supplementadon with a 
h^er dose (eOg-day-') of concentrated bovine 
colostrum protcm powder significandy improved repeat 
n.nnt abUity and tended to improve vertical ^p 

S'.'STf '^''^ placebo; and 

ara^utcd A^l«*cf a aignfficantcfeaon verdcal^^^ 
haght to m insuffidcnf sample, sire. One aim Se 
prra.snidy, therefore, was to re^nune the effect of 
a high dose (60 g . day -') of bovine colostru^^X 
90 vemcaLTOperfbnnancc.usinga larger^Te^" 
Also^ because the test of repeat sprint abili^cd^y 
« a?. (2002) only provided an e7uma« of 
average dacnc anaerobic power, we sought to better 
charactci^e the effects of bovine colos^um suS- 
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meninrion on anaerobic exercise performance by aasca- 
sing both peak aoaerobig power and alacric anaerobic 
work capacity. 

Despite finding no effect on anaerobic estcrcisc 
performance or recovery, Mero et al (1997. 2002) have 
shown that Bupplemencation widi bovine colostrunij 
using doses which deliveted between: 1.7 arid 74 jig of 
IGF-I per day, increased circulating IGF-I concentra- 
tions in a dose-dependent manner. However, three 
subsequent studies from independent laboratories ; 
(Bucldey a al^ 2002; Coombes et al ^ 2002; Kuipers^ 
era/., 2002) have reported no effect of bovine colostruin^ 
supplementation on circulating IGF-I concentrationsj ■ 
despite all three of these studies providing a dose of 
bovine colostnim that contained much more IGF-I (i.e. 
a dose of 120 /ig of IGF-I per day) than in the studies by 
Mcro al. (1997, 2002). Given the potential for 
increased circulating IGF-I concentrations to improve 
muscular sarength (Borst et aL, 2001), and that the 
effects of bovine colostnim supplementadon on circu- 
lating IGF-I concentrations are equivocal, a secondary 
aim of the present study was to rc-invesiigate the effect 
of bovine colostrum supplementation on circulating 
IGF-I concentrations. - . 



Methods 
Participants 

The participants were males agesd 18-35 years 
(mean±s: bovine colostrunn group, 23.5 ±4.1 years, 
w = 26j whey protein group, 25,1 ±5.1 years, /i=25; 
P=0.22), who had been taking part in regular physical 
activity for at least 3 montilis before the study began. 
They all completed a modified hcaltii screening 
questionnaire before partidpadon (Olds arid Norton, 
1999). The study protocol and the potential risks and 
benefits of the study were explained to each parddparit 
before they provided vvrilten informed consent. All 
experimcacal procedures were approved by the Human 
Research Ethics (^mmittee of the University of South 
Australia. 

Experimental design 

The study used a randomized, double-blind, place- 
bo-controlled j parallel design. Afl participanis were 
familiarized wiih the training, nutridonal and test 
procedures that were to be followed in the 2 weeks 
before ±e study commenced. The study lasted 8 
weeks and each participant attended the laboratory 
on throe separate occasions at intervals of 4 weeks 
(weeks 0, 4 and The participants fasted for 4- 
12 h before each tc.^t session, depending on the time 
of day they were tested. Participants tested in die 



morning completed an overnight fast (i.e. 12 h), 
whereas those tested in the afternoon und evening 
completed a 4 h fest. Each pardcipant was tested at 
the same time of day at each test session and 
underwent the same IFasting protocol before each 
{ Session. - , 

At eacii test session, body mass and height were 
recorded before a yetious blood sample was drawn fmm 
a forearm vein for : detetininaibn of plasnia IGF-I 
roncei^ratioa. The v parddpabts ; then performed a 

\:\ warui'Up consisting of jogging and stretching, followed 
by three short ('^ 20 m) ma3dmal sprints/Five minutes 
; after the wann-up, each participant performed three 
maximal 10 s efforts on a cycle ergometer, each 
separated by 2 min of recovery, to determine peak 
anaerobic cycle power and alactic anaerobic work 
capacity. The peak anaerobic cydc power and alactic 
anaerobic work capacity from the best of the three 
efforts were recorded for analysis. The cycle test was 
followed by 5 min of recoveiy, after which the 
partidpants performed three maximal vertical jumps, 
each separated by 2 min of recovery. The best of the 
three jumps was recorded for analysis. After performing 
the vertical jump tests, each participant had dicir 1-RM 
assessed for several resistance training cxerdscs (see 

: Tabic 1). The IrRMs determined at weeks 0 and 4 were 
used to calculate tawung loads for ihe subsequent 4 
week training periods. Oii the day after the initial test 
session at week 0, the partidpants began taking the 
appropriate supplement and commenced a 6 day per 
week resistance and plyometric training programme. 
The partidpants were not permitted to use any 
additional nutritional supplements during the smdy 
period, and food intakes were recorded daily for 
subsequent dietary analysis. 

Suppletnents 

After being tested at week, D, the partidpants were 
randomly allocated to the consiraipnon of 60 g • day"' 
of either a concentrated bovine colostnmi protein 
powder (intact™, Numico Research Australia Pty 
Ltd, Adelaide, Australia) or a concentrated whey 
protein powder placebo (Alaccn, New Zealand Milk 
Products, Sydney, Australia). Both supplements were 
commercially available products and the nutritional 
composition of each of the siapplements is provided in 
Table 2. All supplements were provided in pre-packed 
20 g sachets and the partidpants consumed the con- 
tents of one sachet with thdr morning meal and the 
contents of two sachets with their evening meal, The 
contents of each sachet were mixed with 85 ml of warm 
water and 40 ml of milk, shaken vigorously, and dieo 
chilled before drinking. The taste and colour of the two 
supplements were indisdngtiishable. 
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Bench press (l^g) 
Chin-ijp (kg) 
Parallel dip (kg) 
Biceps curls (kg) 

Leg press (kg) 

Knee extension (kg) 

Knee flexion (kfi) 

Calf raise (kg) 



BC 

. WP 

BC 
WP 

BC 

BC 
WP 

BC 
WI> 

BC 
WP 

BC 
W 

BC 
WP 



Week 0 



69.7+16^ 
.7M±17.0 

95.7 ±12.9 
99.2+13.9 

I04i:19.9 
108 ±21.2 

41.3±10.0 
44.8±8.2 

2J3i;47.7 
227 rf 72.8 

72.8±22.4 
66.9 ±25.9 

44.8+12:2 
46.4 ±11.0 

222 ±48,0 
215 ±48.9 



Weeki 



76.1 ±15.7 
79.9± 17.2 

103±14.7 
103±16.9 

iii±2a6 

316+18.5 

45.7 ±8.2 

47.8 ±8.9 

250 ±55.9 
262±7i;0 

85.5 ±26.9 
82.5±25.n 

50.2± U.6 

49.6 + 11.8 

253±44.0 
242+45.8 



Weeks 



79.6 ±15.1 
81.9 ±16.1 

107±15.9 
107±ie.3 

1I9±20.0 
121 ±19.1 

47.3 ±9.2 
49.3 ±8.9 

278 ±68.6 
294±77.1 

89.5+23.8 
87.5±25.1 

54.0+12.1 
53.5+11.5 

265±49.9 
245+ 56.0 



Table 2. Nutritional composition of a 60 g dose of concen* 
aatcd bovine colostrum protein powder ^tact™) and 
.concentrated whey protein powder CAIacen)* / 





Bovine 
colostrum 


Whey 
protein 


Enexigy (kj) 
Protein (g) 
Fat (g) 

Carbohydrate (g) 
Calcium (mg) 
Sodium Ooog) 
Focassium (mg) 
IGF-1 Oig) 


1200 
45 
2.1 
6.6 
720 
105 
300 
120 


1020 
48 
3.9 
3.7 
210 
90 
300 
Negligible 


•Values reported by supplcineot manufacturer. 



Body mass and haight 

Body mass was measured usb« ckctronic digital scdes 
(A&D iViercuiy, FV-ISO. California, USA). Height was 
measured using a siadiometer (SECA, Hamburg, 
G«TOiany) with the participani in the free-standing 
poanon (Norton and Olds, 1996). 



Blood collectioh ahii analysis 

Blood samples (4 ml) wer« drawn from an antecuWtal 
vein using standard aseptic techniques and placed into 
tubes containing 9 mig of di-^otassiuin EDTA. The 
samples were cennifiigcd for 10 min at 2000 g and 4"'C 
using a refrigerated centrifuge (Bectanan GS-6R. I^lo 
Alto, CA, USA) and the plasma was drawn off and stored 
in polypropylene tubes below -20'C for the determina- 
tion of plasma IGF-I conccntrarions at the end of die 
study (i.e. less than 3 months after sample collection) 
The plasma conccntradon of IGF-I was measured in 
tnpUcate in a total of four assays by radioimmunoassay 
after separation of IGF-binding proteins by high- 
perfomjance size exclusion liquid chromatography 
(HPLC) at pH 2.5 according to the method of Scott 
and Baxter (1986) as modified by Owens « al. (1990. 
1994). Recombinant human ICiF-I (AIGF-n was ob- 
tamed from.GroPep Pty Ud Adelaide. Radioligand was 
fwepared to a specific activity of ~90a-a-' with 
^ramiae-Tand Nal'« (Amersham Efaarmia Z 
tech Inc., San Francisco, CA, USA). Antiserum to HGF- 
I was ra«ed in rabbits. Samples were stripped of IGF- 
bmdmg protons in 14 diromatogiaphy sessions, -nie 
fracnofl contaming lGFi was routinely eluted from die 
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size exclusion HPLC cdumn 8.75-11.0 min after 
injection of the acidified plasma samples. The recovery 
fixim the column esmnated from injections of 
iodo-IGF-I was 94±5% (mean fsi n = 13). All samples 
from each individual participant were included in the 
same chromatograjphy session and measured in the same 
assay. The average minimal detectable concentradoh was 
14 ng - ml"' (range 12-1 9 ng - ml*^) and the average half- 
maximal response in tlic assay was produced by a sample 
containing 271 ng- ml". (range 235-315 ng tnT^). For 
replicates of a quality control plasma specimen whose 
average IGF-I concentration was determined to be 
lO ng thT^ after being measured 3^5 times in each of 
The four assays, the average within- and benvecn-assay 
coefficients of variation were both 7%. 

Peak anaerobic cycle pouter and anacrolnc work 
capacity 

Peak anaerobic cycle power and anaerobic work ; 
capacity were assessed during diree aTtcmpa at a 10 s 
maximal exercise test (Telford et al.^ 1989j l^lis ei aL, 
2000) using a front-access cycle crgometer (Repco 
Ejicrtech, Melbourne, Australia) connected to a work 
monitor unit (Rcpco Exertech, Melbourne, Australia). 
The participants stood up on the cycle pedals with their 
preferred foot forward. A cotmtdown from 3 was given 
before the participants performed masdnial cycle 
exercise for 10 s. The participants were allowed a 
2 min recovery bet^veen each of the three attempts, 
during whicli dme they continued to rotate the cycle 
pedals to maintain venous return from the legs. The 
highest value for peak anaerobic cycle power and 
anaerobic work capacity from the three attempts was 
used for analysis. The typicalenvr of measurement for 
this method-of determining peak aiiaerbbic cycle power 
and anaerobic work capacity in 10 male volunteers not 
participanng in the present study, and who were tested 
on each of two consecutive days, was 2.4% for both 
measures. 

Vertical jmnp power 

The assessment of peak vertical jtimp power required 
the pardcipants to jump and make a mark with their 
fingertips on a chalk board. A chalk board (1.0 m 
high X 0.25 m wide) was fixed to a wall and shaded with 
chalk dust. The participants' take-off height was 
measured by wetting the fingers of die preferred hand 
and recording the height of the uppermost mark made 
on the chalk board by the fingertips as the participanta 
reached as far up the board as possible while standing 
on their toes. Hicy then performed a coimter-move- 
ment jump and endeavoured to touch the chalk board 
at the higlicst point possible with their wet fingers. As 



the fingertips conmcted the board they left a clearly 
visible naili of which the highest point was considered 
to be the maximum jtmip height. The actual height 
jumped was recorded as the difference, between the 
rake-oll height and the maximum Jump height as 
measured widi a metal tape (Lufldn, W606PMj 
Raleigh, NC, USA). This procedure was repeated three 
times at each test session with a 2 *v*in recovery period 
between jumps, with the best of the three jumps being 
recorded for analysis. Peak power developed d\iring the 
vertical jump (VJp) was then estimated from the vertical 
jump height using the equation of Harman et al. (1 99 1) ; 
VJp (W) = (61.9 X YIH) -f (36.0 xBM)-i- 1822 : 

where VJII vertical jump height (cm) and BM = body 
mass (kg). The typical error of measurement for this 
method of determining peak vertical jump power in 10 
male volunteers not participating in the present study, 
and who were tested on each of two consecutive days, 
':>as 1.2%: i 

One^repetition maxima and irainin^ programme 

The one-repetition maxima (I-RMs) for several resis- 
tance exercises (see Table 1) were assessed after 
measuring peak vertical jump power at weeks 0, 4 and 
8. Hie values at weeks 0 and 4 were used to calculate 
the training loads for a resistance training programme, 
which was performed during each subsequent 4 week 
training period. Weigjit discs and/or dimab-bells were 
hung around the participant's waist, as appropriate, to 
determine the 1-RM fr)r exercises that involved lifting 
one's own body maaa (i.e. diin-ups and parallel dips). 
The resistance training programme was performed 
three times per week on alternate days to a plyometric 
training programme, which was also performed three 
times per week. The participants were allowed one rest 
day each week, which, at weeks 4 and 8, was the day on 
which the tfiflt protocol was conducted. 

The loads used in the resistance training programme 
alternated between 90% and 35% 1-RM at successive 
training scqsions, and three sets of each exercise were 
performed. When the 90% 1-RM load was used, die 
three sets were performed to failure: When the 35% 
1-RM load was usedj the participants performed three 
sets of 20 repetirions or exercised to feilure, whichever 
occurred first. The order in which the. resistance 
exercises in Table 1 arc listed is the same order in 
which they were performed at each traiiiing session. 
The participants also performed non-resisted exerdses 
consisting of sit-ups, hip flexions and twisting sit-ups. 
The sit-ups and twisting sit-ups were performed on an 
inclbe sufiScicnt to cause feihore in the third set at the 
12th and 20th repetitions when training using the 90% 
and 35% I-RM loads, respectively. Plip flexions were 
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only performed using the resistance offered by the 
weighi of^e participant's legs. Each training session 
was preceded by, and followed by, 5 min of light 
jogging and personal stretching. Rest periods between 
sets were not timed. Each participant kept a record of 
Ae number of repetitions performed during each set in 
a training diary to monitor compliance and to aJlbw for 
subsequent calculation of the training volume* : ^ 

The plyometric exercises - aai^^ the durations of 
recovery allowed between repetitions are listed in fable 
3. Each session of plyometric uaining was preceded by 
a warm-up consisting of an 800 m jog, personal 
stretching and 100 m run throughs at -TO^oj --80% 



Tabic 3, Plyometric training exercises and recovery times 
during 8 weeks of supplementation with concentrated bovine 
cobstnim protein powder (inucr™) or concentrated whey 
protein during c ombined resistance and plyometric training 

Excrdxe 



Recovery tirac 



2 X 20 m hopping on each leg 

2 X 50 m bounding 
10 X vertical jurhps 

3 X 20 m sprints 
3 x 50 m sprints 
3 X 20 m sprints 
I X 200 m sprint 

. .1 X 400 m spent 



Utttimed 
Untimed . 
Uhtimed 
.. 1 min' 
2 nxxn 

1 min. 

2 nUn 

£nd of .^les&ion 



581 



and - 90% of maximum pace. All plyometric exercises 
were performed with maximal effort 

Diet 

The partidpancs were provided with a copy o^ and were 
instructed to eat according to, a healthy eating plan 
based on a diet pyramid, gackson, 1991), They were 
required to keep a daily food diary for the duration of die 
snidy and an analysis of dietary intakes was carried out 
using the SERVE'S^ Dietary Analysis Software program : 
(M&H Williams Pty Ltd, Adelaide, AustraUa). Total 
energy intakes and percentages of energy intake con- 
tnbuied by carbohydrate, fat, protein and alcohol were 
averaged over the first and second 4 weeks of the study to 
give mean daily intakes for each 4 week period f fable 4). 

Statistical analysis 

Students r-tests were used to compare differences 
between group naeans for age and for values at week 0. 
To determine the effects of the treatment, time of 
measurement and their interactions on the dependent 
measures, analysis of variance (ANOVA) with repeated 
measures (repcatedmeasurerncntWweekoftesting,i.e. 
week O3 week 4 or week 8) was used, incorporating a 
Greenhouse-Geisser adjustment for sphericity. When; a 
^significant main effect was found, pairwise comparisons 
were performed using Tuke/s HSD test The data for 
peak vertical jump power and peak cycle power were 



Mean daily energy intaku (kj. day"') 
Carbohydroce as % daily energy intake 
Protein as % daily energy intake 

Mean dai]y protein intake per unit body mass (g • kg body njass 
Fat as % daily energy intake 
Alcohol 35 % daily energy intake 

agn^ficendy different iron. week. <M CP«0.05>. iSi^^ ^^^^ 





.•; Weeks 0-4 


Weeks 4-8 


BC 
WP 


10516±2198 
10539 ±2377 


1028412238 
10457 ±2 1 38 


BC 
WP 


45.8±5,6 
44.6±4.3 


44.0 ±5.9* 
42.9 ±G.4* 


BC 
WP 


25.4 ±3.8 

25.5 ±3.3 


25.7 ±4. 1 
26.3±3.5 


BC 
WP 


1.9±0.4 
1.9 ±0.4 


1.8±0.4 
1.9±0.5 


BC 
WP 


27.9 ±4.7 
29.3 + 4.8 


28.8 ±5.2 
29.7 ±5.1 


BC 
WP 


0.9 + 1.5 
0.6 ±0.9 


1.5+ 2.0* 
l.i±1.9* 
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analysed in the same ANO VA by inclxxling the two tests as 
an additional repeatedmeasurement Q.e. each participant 
perfornied both tests) to facilitate a direct comparison of 
the effects of the treatment on these two different measures 
of peak anaerobic power. Statistical significance was set at 
2^<0.05. The 95% confidence intervals (95% CI) are 
given for tlic between-group differences in the within- 
group changes in parameters where appropriate. The 
centrality and spread of values of variables are shown 
throughout as the mean ± standard deviation (5). 



Results 

Body mass and height 

There was no significant difference in height {bovine 
colo strum, 1 .79 ± 0. 07 m; whey protein, 1.78 + 0.07 ra; 
P=0.59) or body mass (bovine colostiumj 
77.0±9,7kg; whey protein, 79.4±9.0kr> P=0.36) 
between the two groups at week 0. Height did not 
change significantly in either group during the study 
period (P5:0.44). Body mass increased in both groups 
during the study (P <0.0001), but by similar amounts 
such that rfiere were still no differences at week 4 
(bovine colostrum, 77.7 ±9.6 kg;; whey protein, 
80.0±8.8 kg; P= 0.39) or at week 8 (bovine colostrum^ 
77.8±9.6 kg; whey protein, 80.0+8.7 kg; P=0.38). 



Plastna instdm-Uks growth factor I concentration 

Plasma IGF-I concentrations are shown in Fig. 1. 
There was no significant difference in plasma IGF-I 
concentration between the two groups at week 0 
(P= 0,87) and the plasma ooncemradon did not change 
significantly in either group during the study period 
(P=0.55). 

Peak anaerobic qyc/e power and anaerobic ujork 
capacdty 

There was ho difference in peak cycle power between 
the two groups at week 0 (P= 0.99; Fig.: 2). Peak cyck 
power did iiicreaseby a similar amount in both groups 
by wcek4 (P=0.99j 95% CI= -13,468 to 133451 >X0, 
but ihad increased significantly more in the bovine 
colostrum group byweek 8 (P<; 0.001; 95% 01 = 20 to 
61 W), such that cycle peak power was significantly 
higher in the bovine colostrum group by the end of the 
study period (P < 0.01). 

Anaerobic work capacity was not different between 
groups at week 0 (bovine colostrum, 9.5 + 1.3 kj; whey 
proieinj 9»l±1.5 K[; P=0.34). Anaerobic work capa- 
city increased in both groups during the study period 
(P< 0.001), but the increases were not dtffierent 
between groups (P=0.23)j such that there were no 
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Fig« 1. Plasma insulih-like growth fACtor concenuations before and a&er 4 and 8 weeks of supplementation with conceoirated 
bovine colostrum protein powdto- (#) or a concentrated whey protein placebo (O) during combined resbcance and plyometric 
trainins (mcan±^). 
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differences in anaerobic work capacity at week 4 (bovine 
colbstrum, 9.9 ±1.7 whe^ protein^ 9.7 + 1.6 kj; 
P= P-70) or at week 8 (bovine colostram, 1 LO + 1.6 kJ; 
whey proiein, 10^4+ 1:5 kJ; P==0.i7) 

Vertical jump po wer 

The peak power outputs; achieved during: the vertical 
jump tests were significantly greater than those achieved 
during die cycle tests (P < 0,001 ). However, Uie pattern 
of increase in peak vertical, jump power was not 
different fifoni that for peak cyde power (/*== 0.85), 
There was no difference in peak yeni^^^ 
between the two groups at week 0 (P= b.99; Fig. 3). 
Peak verrical jump power did increase by a similar 
amount in both groups by week 4 (P=: 0.99; 95% 
CI = 61 50 to 61 58 W)> bat had increased significantly 
more in The bovine colostruni group by week 8 ; 
(i*<0.001i 95% CI- 54 to 170 \X^), sudi that peak 
verdcal jump power was signiEcantly higher in this 
group by the end of the study period (P <0.01). 

One'repetUion tnaxima and training volume 

The 1-RM data are reported in Table L The 1-RMs 
were not sigruficandy different between groups at week 0 
(P > 0. 1 8). The 1 -RM for all cxercisea increased iil both 
groups during the study period (P <0,OOOI), but there 
was no significant diSefence in the magnitude of any of 
the increases between groups (P > 0.08). Accordingly, 
because training volumes were based on percentages of 
1-RM> there were no differences in resistance trainihg 
volumes completed by either group (P = 0.37; Table 5). / 
Nor were there any difFerehcea in training voluihes for 
tlie non-resi&ied (P=0.29) .or jplyoihctric (P>0.5 
Table 5) exercises betweeri the two groups. 



Dietary intake 

There were no differences in daily energy^ macro- 
nutrient or alcohol intakes between the two groups 
diiring the study period (P > 0.39; Table 4).: 



piscussion 

The major findings of the present study were that 8 
weeks of supplernentadon with 60 g-day ' of concen- 
trated bovine colostrum protein powder during com- 
bined resistance and plyomctric training resulted in 
significantly greater increases in peak vertical jump 
powier and peak anaerobic cycle power compared with 
whey proieitt: powder. However, bovine colostrum had 
no effect on alactic anaerobic ; work capacityi 1-RM or 
plasma IGF-i coticendrations. The greater improvic-- ^ 
; mentg in peak; power : outpiit in the bovine colostrum : 
group could not be attributed to differences in training 
or diet, since the training volumes completed and - 
apart from the different supplements taken - the dietary 
intakes of the two groups did not differ. 

The present results indicate that the bovine colos- 
trum supplement only provided a significantly greater 
improvement in peak verdcal jump power and peak 
cycle power after 8 weeks of supplemenmtion. 'ITiere 
were no differences In peak vertical jump power or peak 
Cycle power between the groups after only 4 weeks of 
supplementation; The reason for the delay before the 
supplemerit provided a benefit is riot clear, but would 
account for why Mero ^r^. (1997) previously failed to 
demonstrate any effect of only 8 days of bovine 
colostrum supplementatibn on vertical . jiimp perfor- 
mance; Tliar there an 8 week delay before an effect 
of the bovine colostrum suppleinent becanie evident is 



Table 5. Training vuliimes completed during 8 weeks of supplernentadon with concentrated bovine colostrum protein powder 
(intact™) or concentrated whey protein powder during combined resistance and plyomctric uaining (m(^ ± s) 



Complered by v^eek 4 



Completed by week S 



Resistance training (kg x 1 066) 


■ BC . 


216±45.6 


450 ±84.5 




wp 


200±6I.3 


424+12L5 


Non-resisted exercises (repetitions) 


BC 


1722 ±204 


3501 ±300 




WP 


1656±249: 


3378 ±438 


Plyomctric training (km) 


BC 


n.5±i.i 


22.8±1.8 




WP 


11.2±1.6 


22.5+2.8 


Vertical jump (repeiiUons) 


BC 


112±11 


22|±18 




WP 


112+13 


220+24 



Abbfeviations: BC = concentrated bovine colostnims protein powder (intaa:^*); WP=conccnirsttccl whey protein powder. 
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in line with the results of a previous study, which fbiind ; 
tiiat a bovine coloscruni supplement had no clFcct oii- 
recovery from maximal endurance exercise after 4 
weekSj but provided a significam improvement in 
recovery after 8 weeks of supplemehtadon (Buckley « 
2002). Although die reason for the delayed effect of 
the suppleniem is not laiown, by the end of the 8 vireek ^ 
supplementation period the bovine colostrum group 
had Increased their peak vertical jump power by 
approximately 1.5% more than the whey protein group 
in our sample, and peak cycle power had increased by 
approximately 2.5% more, with both of these values 
being greater tiaan the typical errors of meastjrement for 
the respective tests. The 95% confidence intervals for 
the differences in improvement between the two groups 
indicated that, for the average participant, bovine 
colostrum supplementation would provide somewhere 
between a 54 W (0.3%) and a 170 W (2.3%) greater 
improvement in peak v«tical jump power, and between 
a 20>?? (1.7%) and a 61 W (5.2%) greater improve- 
ment in peak cyde power. Given that tlie participants in 
the whey protein group improved their peak vertical ; 
jump power by only 1 .6% after 8 weeks of training, the 
potential for the bovine colostrum supplement to 
provide an additional improvement of up to. 2.3% 
would represent an important benefit. Simibu-ly, given 
that peak cycle power had increased by 13,4% after 8 
weeks in the whey protein group, the potential for 
bovine colostrum to provide an additional increase of 
up to 5.2% would also be considerable. However, given 
that the participant cohort used in the present study 
consisted of active males, it cannot necessarily be 
assumed that improvements of a similar magnitude 
would be obtained in well-trained or elite athletes, who 
would almost cenainly have a level of physiological 
development that is closer to their genetic limits. 

The peak power developed in the vertical jump tests 
was significaady greater than that developed during the 
cycle tests, probably reflecting the recnritment of a 
greater muscle mass in the vertical jump. In addition to 
ihc power developed by the legs, the upper body also 
develops significant vertical momentum during counter- 
movement jurnps, with the arm swing contributing 
approjdmately 10% to jump height CLuhianen and Komi, 
1978i Young ei al., 2001) and the trunk contributing a 
further 10% (Luhtanen and Komi, 1978). The power 
developed during a cycle test, on the other hand, relies j 
predoininantiy on the power that can be developed by the 
legs. Despite the differences in the magnitude of the 
power developed, there was no statistical interaction 
between the improvements in peak power between the 
two tests, indicating that bovjne colostrum exerted a 
similar effect on both peak vertical jump power and peak 
cycle power. Botii the vertical jtraip and cyde testa 
provide a measure of anaerobip power, which bt itself a 



fimction of the rate at which phosphagen stores within the 
skeletal muscles can be hydrolysed (Sawka ec di., 1980). 
Therefore, from die greater increases in both peak 
vertical jump power and peak cyde power, it would 
foUowthaf bo vine colostrum increased ie rate of mu^ 
phosphagen hydrolysis in both the upper and lower body 
musculature. Such an increase in muscular phosphagen- 
olytic rate could have resxUied from (1) increased cross- 
bridge cycling due to the recruitment of additional motor 
units or an increased contractile protein contentj or (2) 
an increase in the specific activity of myosin ATPases due 
to a relathre increase in die proportion of fast myosin 
heavy diains. Since bovine colostrum supplementation 
had no significam effect on I-RMs in this study, or in a 
previous study by Antonio et cd. (2001), and 1-RM 
provides a measure of musciilar strength, which is itself a 
function of the number of actin-myosin cross-bridge 
anachments per half of a sarcomere acting in parallel 
(GarfiEj;;el and Cafarelli, 1 992), it is unlikely that bovine 
colostrum supplementation exerted its effect by increas- 
ing musde contractile protein content or the recruitment 
; of additional motor imits. Instead, it is more likely that 
the increased phosphogenolytic rate may have resulted 
from an increase in the relative proportion of fast myosin 
heavy chains. Fimher support for this argument comes 
from the findings of a recent study from our laboratoryj 
which showed that bovine colostrum supplementation 
iiricreased bt^ dite fcmiale irowers (Brink- 

worth etdi.j 2002), since increases in buffer capacity arc 
generally assodated witii adaptations in fast-twitdj 
V muadc fibres (Mmighan: ex 
predominantly fast myoisin isoforms. Future smdies 
should inwstigiatc the <^^^ 

supplementation on the expression of skdetal muscle 
contractile proteins and myosin heavy chain isofonns lo 
enable a better understanding of the mechanism by which 
this supplement increases muscular power. 

Although bovine colostrum supplementation in- 
creased peak anaerobic power, it had no significant 
effect on alactic anaerobic work capadty. Alactic 
anaerobic work capadty reflects the magnitude of 
diange in phosphagen concentrations within the active 
skdetal muscles during exercise (Sawka et al.j 1980). 
Therefore, although the bovine colostrum supplement 
appeared to stimulate an increase in the rate of muiidc 
phosphagen hydrolysis, it seemed to have no effect on 
the quantity; of phosphagen hydrolysed; This implies 
that alactic anaerobic work capadty may have been 
limited by phosphagen availability rather than phospha- 
gcnolytic rate, and suggests that the combination of 
bovine colostrum supplementation with a strategy for 
increasmg musde phosphagen stores (e.g, creatine 
monohydrate supplementation) might provide a syner- 
gistic effect on anaerobic exercise performance. This 
proposition is supported by prdiminary findings from a 
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rcccat study, which indicated that the combined 
ingestion of bovine colosmim and a supplement that 
contained creatine monohydrate ' during traininir re- 
sulted in greater increases in strength and/or power 
compared with the ingestion of .the individual supple- 
ments alone (Kerksick et aL, 2001). 

Mero and co-workers have previously Rhown that 
bovine colostrixm supplemeatatjon increases serum 
IGF-1 concentrations CMero et oL, 1997, 2002), with 
the latter of these studies indicadng that the additional 
IGF-I was unlikely to have been absorbed from the 
ingested colostrum supplement (Mero a/., 2002). 
Regardless of the source of any additional IGF-I, an 
increase in circulating IGF-I concentrorion may be 
important for increasing muscular strengdi, since it was 
recently shown that increased circulating IGF-I con- 
cenorauons may, at least in part, mediate the increajjcs in 
1-RM strength that result from resistance training 
(Borst et al, 2001)- However, neither die present snady 
nor a previous study by Antonio « aL (2001) provided 
any evidence tiiat bovine colostrum supplementation ■ 
increa5u;s strength, because bovine colostrum had no 
effect on l-RM Furthermore, despite Mcro « (1997, 
2002) showing that bovine colostrum increases circulat- 
ing IGP-I concentrations, neither the present study nor 
a number of previous studies (Buckley et a/., 2002; 
Coombes cr a/., 2002; Kuipers eraf., 2002) have found 
any efiFcct of bovine colostrum supplementation on 
circulating IGF-I concentrations. The difference in 
findings between tiiese studies and those of Mero et al, ' 

(1997, 2002) may be related to die different durations of 
ti^e blood sampling protocols used. Mero and co- 
workers used short supplementation periods oF up to 2 
weeks in both of their studies whereas the other s wdies 
used longer supplementation periods of up to 8 weeks, 
and the first blood samples for assessing changes in 
circulating IGF-I concentrations were not drawn untQ 
at least 4 weeks after supplementation had begun. 
Therefore, xht increases in IGF-1 reported by Mero et 
al. (1997, 2002) may have been transient, and not 
detected in these other studies because of the 4 week 
interval between die assessment of circulating IGF-I 
concentradons before supplementation and their next 
assessment 4 weeks later. During this 4 week period, 
plasma IGF-I concentrations may have increased, 
before negative feedback mechaaisms acted to return 
ckculating concentrations to baseline. However, given 
that die present study found no cflfea of bovine 
colostrum on performance at week 4^ and no effect on 
1-RM overall, it is difficult to see how a transient 
increase in circulating IGF-I concentration during die 
first weeks of supplementation may mediate the supple- 
ment's performance cffecis. Further research should be 
directed at determining the kinetics of drculating IGF-I 
changes in response to bovine colostrum supplementa- 



tion and how, if at all, these changes relate to 
improvements in physical performance. 

The enej^ and protein contents of the two supple- 
ments used in diepresent study were similar, aswerc the 
total dietary energy and macronumeht Intakes of the two 
supplement groups, suggesting that the differing perfor- 
mance outcomes resulted £rom the effect of some non- 
nutrienr component inbovine colostrum, such as a grovnh 
feaor or other raitogenic componenL A similar finding 
was reported in a study conduaed using neonatal pigs 
(Burrin et al., 1995), which showed diat skeletal muscle 
protein synthesis was increased in colostrum-fed piglets 
compared with formula-fed and/or milk-fed piglets 
despite no difference in macronuirient intakes between 
thedireetreatmentgroups. Therefore, al±ough it appears 
ihaithephysiological (Mero eta/., 1997, 2002j Antonio 
a/., 2001^ Brinkwonb ez al,, 2002) and/or peifonnance- 
enhancing (Buckley er a/., 2002; Coombes etal., 2002i 
Hofeianera/.,2002)eflfectsofcolostrunimostlikelyresuh 
from the effect of some non-nutnent component, no 

studies to date have been able to identify the specific non- 
nutrient component(s) responsible. The present finding 

diat bovine cobstium did notchange die circulating IGF- 
I concentration, as well as data fix>m animal studies that 
have shown that skeletal muscle protein synthesis k 
stimulated independently of changes in drculating IGF-I 
CBuiTin«a/., 1 992, 1995), suggcsttiiatlGF-I is unlikely to 
mediate ihe effece of bovine colostrum. However, bovine 
colostrum contains several odier peptide grow* fectors 
(Donovan and Odlc, 1994; Pakkanen and Aalto, 1997) 
andasyet unidentifieiiniitogeniccomp et 
aly 1997) that may be responsible for tf>c reported effects 
of this supplemenL As the physiological and performance 
effects of bovine colostrum supplementation become 
better characterized, it should be possible to refine our 
understandingoftiiepossiblemechamsmsofactionofdiis 
supplement, which may assist in identifying the colostra! 
compoincnt(s) responsible. 

• In conclusion, supplementation widi concentrated 
bovine colostrum protein powder during 8 weeks of 
combined resistance and plyometric training increased 
anaerobic power compared with a whey protein 
placebo, but had no effect on alactic anaerobic work 
capacity, 1-RM or plasma IGF-I concentrations. These 
findmga suggest that bovine colostrum might be a 
useful supplement for improving adiletic performance 
m events tiiat rely on the development of high anaerobic 
power, but further research is required to determine die 
mechanism of action of this supplement 
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Dose effects of oral bovine colostrum on 
physical work capacity In cyclists 
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ABffTttACT 

J. S. COOMBES. M. CONACHER. S. K. AUSTOl, R A. MARSHALL Oosa effects of an., bovioc colostrum .n physical work 

dl T -Ppl^ntarion^w..h boyloe col03tru.r u> enhance cxc:zd.c performance. TTic p^. of Uk pint T2 l^l 
det ruune the dose effects of bovine colostrvn. on cycling perfonnanc. Methods: Fon>-Lwo Z^Utivc JlTwe^lI^^^ 
d.v.ded .nl. three groups and roquin^i to coasuie cither 20 g/d bovine ^„ + 40 g whey proL l^Z) 6^^^^^^ 
bownc column... or 60^orwpc (plscebo). Two .cas.^ we« used to esses. perfoonaL bcfo^ ipJ^SZ ^^^M 

Z^^ J. "'."1^"' ^ -^^^^^ The second pcrfunnance r»easurc w.. the time to complete a wc^ 

t^^ZT^TlrT T -P*'^™^'-' Pcrfon^nnce enhancement i. Measure Cue not smS^ 

signiDcunUy diffe«m m the colostrum group. con>paied to the placebo gruup (placebo ^ 3.4%, 20 g = 60 g « 3 9ft* M% 
c";^r;r\^'? tor Uifrc™ ±,.8... p > 0,05). 10 performance Measure Two subje A 2^ g L 6 g 

at 20 s or 60 ^^^--^f^^^v.^^ but Mgnitlcant biprovement m time trial pcrfnnnance in cycH.Ls after a 2.h ride nt 65% VC^ 
Key Woi^: EXhRQSE PERFDRMANCli, DIETARY SUPPLEMENTATION, ICl^-I, CYCLING TIME TRIAL 



Colostrum is the milk produced by the mammary 
glaiids of all mammals, including humans, during 
the first 72 h after birth. It is fed to their newborns 
to provide essential nutrients and bioactive components 
including growth factors, immunoglobulins, vitamins, min- 
erals and amino acids (7). Currendy bovine colostrum is 
being marketed as a nutritional crgogenic a:id» although there 
is limited research investigating, the effects of colostrum 
supplementation on exercise performaiicc. 

A recent study reported that 60 g/d bovine colostrum 
supplementation for 8 wk improved the ability to perform a 
second boui of maximal exercise following a relatively short 
period of recovery from a prior bout of maximal exercise 
(1). Subjects were rt^quired to complete two treadmill 
^Ojraax njuuing tests separated by 20 min. The amount of 
work completed in tfie second VOj^ test compared with 
the first was significantly improved after the study period in 
the group supplemented with colostrum. The same protocol 
with a cycle crgometer and a second smaller dose (20 g) of 
colosn-um is used in this study. 
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METHODS 

Subjects 

All testing occurred in the temperature and humidip 
' controlled Human Performance Laboratory at the UniveKi^ 
of Tasmania and at tlie Tasmanian Institute of Sport. Writ^ 
informed consent was obtained from 42 competitive dmI^ 
cyclists. Fourteen of the subjects were withdrawn from tijfel 
study due to noncompliance with either the supplemenfatio^ 
or training; their data are not presented. The pJiysical ch^i 
acteristics (mean ± SD) of the nimaining 28 subjects wwell 
age, 30 ± 10 yr; body mass, 74 ± 21 kg; sum of seveHl 
skinfolds, 67 ± 48 mm; VOj^, 61 ± 9 mLkg-'-minM 
Screening infonnation was obtained to ensure that subjects^ 
met the foUowing criteria: I) no history of lactose or cow^^l 
milk protein intolerance, 2) not taking nutritional supplerf 
ments, 3) no history of vascular, metabolic or rcspixatorif] 
disease, and 4) no cim>nic health problem.'?. Subjects aH 
tended a briefing session before any experimentation to'l 
ensure an understanding of the testing procedures and the! 
benefits/risks of the study. Emphasis was placed on subject -I 
preparation for the laboratory tests. Specific instruction? 
were given to the subjects concerning their diet and training 
before the testing sessions. Subjects were required to abstain - . 
from exercise for 2 d preceding the sessions. For the first 
session, subjects were required to document their nutritional \ 
and fluid intake in the 24 h before the test. For all remaining^l 
lab sessions, subjects were reqtiired to approximate this 24-h 
diet before reporting to the laboratory. At the start of each; 
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test session: subjects: documented th^^ adhere to 

these instiTictions. The protocol was approved by the Uni- 
versity of Tasmania's Ethics Committee. 

Design 

A randonaized, double-blind, placebo (Alacen™, Fonteira 
Co-operative Group Ltd.. New Zealand) controlled design 
was used to evaluate the dose effects of colosirum supple- 
mentation on physical work capacity in cyclists. Subjects 
were randbinly allocated to one of three groups: 1. placebo 
control group supplcmenied with 60 g/d oral whey-proteih 
powder (pLaccbo, N - ; 1 0), 2. high dose colostnin group 
supplemented with 60^: g^^^^^ 

intact*); (N = 9) or 3. low dose iPplostrum gjoup supple- 
mented: wiiii 20 g/d oral boVihecplosi^ 
whey-prolein powder (20 g); (A' == 9), Each subject jcbm- ; 
pieted two perlbrmancc tests before and aftw 
supplementation period. ■ 

Performance testing 

Performance Measure One. On the first visit, sub- 
jects reported to the laboratory in a rested -c 
hav lug eatcii a siibstanti al rrieal arid abstained from caf- : 
feine, drugs, alcohol, and cigareitps 4 h before testing-: 
Measurements of weight and skinfolds froni 7 sites (bl- 
eep, tricep, subscapular, supMliacy abdominal^ quadri- ; 
ceps, and medid calf) were obtained before the com- 
mencement of performance Measure One. Following a 10 
min warm up and stretching exercises, subjects com- 
pleted two identical-protocol VOztnax tests separated by 
20 min. The protocol required- subjects to maintain a 
self-sclcclcd cadence of between 70 and 100 rpra on a 
Lode cycling ergometer with an initial load of 100 W for 
3 min, increased to 200 W for 3 min, and then 50 W every 
3 min thereafter undl exhaustipd. Expired air was ana- 
lyi«5d throughout the lest asiug a Quintoh Metabolic Cart 
(Quiiaton, QMC^ : B ptb wel 1 , ; W A); S ubj ects were required 
to breathe rboiii air tliiough a Hans Rudolph 2700 valve 
(Hans Rudolph, inCM Kansas Cify^^^^^ with expired air 
travelih g vi a 3 .5 cm tubing to the; mixing chamber of the : 
QMG. Both oxygen and carbon dioxide andyzers were 
. calibrated before arid verified after each tesit with alpha 
standard gases (BOC Gases, Australia) of two known 
concentrations (a 14.2% O2 and 3.4% CO2 anid b === 
18.4% O2: 5A% GP2). The pneumotach 
\ brated before and verified after each test session using a 
; 3 L calibration syringe (Hans Rudolph). For the 20 min 
recovery period between the two YOimax tests, : the 
mouthpiece and headgear were removed while subjects 
Were given a 3 min cool down on "the ergometer followed 
by stretching and were instructed to remain active by 
walking ai'ound the laboratory. Heart rate was recorded 
tliroughout the VOj^ tesU using a Sportstester PESOOO 
system (Polar Electro, Kempele, Finland). 

Performance Measure Two. Two days after the iirst 
performance test, subjects remmed to the laboratory in a 
similar state of physical preparation and at tlie same time of 
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the day for Performance Measure Two. The test consisted of 
a 2 h performance ride on the lode cycle ergoriieter at 65% 
of tlieir maximal heart rate, determined as the highest heart 
rate obtained during Performance Measure One, During the 
post-supplementation test their maximal heart rate was dc- 
tennined from their post-supplementation Performance 
Measure One V02n,nx Subjects were instructed to 
prepare for the ride as they would prepare for a 100 km road 
race by bringing food and drink, which they would usually 
consume during the race, to the laboratory. Subjects were 
permitted and encouraged to consume food and fluids ad 
HbUum mth adtUiionai supplies wmla^ 
ent antl fluid intake was irecoiTded die ride. Heart rate 
■ was measured througliout.^^^ and time trial using a 

Sportet^ter s^ during the 2 h ride, 

the; intensity was adjusted to miuntain the desired heait rate. 
The 2 h ride was immediately followed by a workload based 
time trial where each subject was required to complete 2.8 
ki/kg of work as fast as possible. The time for this trial was 
used as the second performance measure. 

At the completion of the second visit subjects received a 
box of their respective supplemCEl coritaining 20 g sachets 
labeled days 1 through 56. Each sachet contained a mormng : 
and evening packet Subjects were required to consume a 
riibmmg dose of 20 g with 85 mL wanri vrater and 40 mL 
: skim n^ evening dose : of 40 g with 170_na^^ 

; water and 80 mL skim milk. Subjects were also given a diet ■ 
arid tirkinirig diaiy with instructions on how to complete it. : 

After 8 wk of supplenrientation, subjects reported back to : 
the laboratory for re-testing (Performance Measure One and : 
two days later for Perfonnance Measure Two). 

Training/Diet Diaries 

Subjects were required to keep a daily U-aining and diet 
diary for die 8 wk supplementation period, Dietaiy iiifor-, 
riiation was analyzed usiiigiFoodworks (Xyris Software, 
Queensland, Australia). The diet diary provided dally aver- 
ages for energy, rnacro-, and micronutrient intake. Training 
volume was calculated as ari a^ trained per;: 

day.-. ■ 

Blood Analysis 

Plasma Insulin-like growth factor I. In response to 
the tlnding that bovine colostrum supplementation increased . 
senim insdin-like grp\^ (IGFrl) concentrations ; 

; during training (4), we measured plasma ICjF- 1 concentra- 
tiohs over the supplementation period. Blood was collected 
from each subject before Performance Measure Two pre- 
arid posL-supplementad measured by > 

radioimmunpas.^y after separation firoin binding proteins by 
high performance size exclusion liquid chromotography at 
pH 2.5 according to the method of Scott and Baxter (9) as 
modified by Owens (6). Recombinant WGF-1 (GroPep Pty 
Ltd. Adelaide, Australia) was used, and the radioligand was 
prepared to a specific activity of Ci/g with chloranane-T and 
Nal*^^ (Amersham Biosciences, Uppsala. Sweden). Anti- 
scrum to human IGF- 1 was raised in rabbit (10). Samples 
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Body mass (kol 

Sum o!7 5kinfokis(mm).: 

. Plasjna IG f ^l (ng/mL) 
Vatws are niean i SO. 



:. Placebo 

: Pre' 



72 It 
.70 ±28 

59 ±5 
157 ±79 



Post 



: 73i10 
68±22 
56±2 
177 ±73 



: . 20 g 



Pre 



73 ±7 
69±19 
62±4 
239 ± 39 



73±7 
84 ±18 
59 ±4 
253 + 32 



6Dg 



Pre 



75±17 
*64±32 
63.2±5 
201 ±71 



Post 



75 ±17 
56 ±20 ^ 
e0±7 
173 ± 45 



were stripped of TGF-binding proteihs in four chromatbg- 
rdphy sessions. The fraction containing IGF-I rbutinely 
eluted from the size exclusion HPI^ column be 
aud 10.5 miu afkrlnjectioa of thVacidified plasma sample^^ 
The recovery from the column estimated from injections of 
r iJ^iodo-IGF-I was 85 ± 1% (meaii ± ST>, M = 5). 
Samples were measured in tripitcare in a total of two assays, 
with each of the triplicates being included in the same 
chrumatography session and mea-jured in the same assay. 
"I'he average minimal detectable conceniration was 16 
ng mL ' (range 9 to 21 ng^mL" ') and the average half- 
maximal response in tlic assay was- produced by a sample 
containing 232 ng-mL"' (range 225 to; 234 ngtmL^^). For 
replicates of a quality control plasma specimen, whoise av- 
erage IGF-1 conceniration was determined to be 50 ng-uiL" ^ 
after being measured four times in each of the assays, the 
average within a.?say coefficiem:of variation was 4%, and 
the between assay coefficient of variation was 11%. 

Means and standard deviations are used lo represent the 
average and typical spread of values. The precision of the 
estimates for outcome statistics are shown as 95% confi- 
dence limits (the likely range of the true value). All data 
were analyzed using analysis of variance (ANOVA) with a 
Fisher post hoc lest Pre vs post repeated measures factor 
was adjusted with Greenhbusi^Geisser epsilon.^ F < 0.05 
was i^ardcdas stausticaIly.significant^^^;^^^^^ >^ -^^ 

RESULTS 



There were no significant differences in changes in body 
mass, body composition, aerobic capacity (peak value ob- 
tained from both trials), or plasma IGF-1 between the three 
groups pre- and post-supplementation ( Tab. 1). Table 2 
shows the daily averages for nutrient intake and training 
volume for each group. There were no significant dilTer- 
ences between groups for aiiy of the variables. 

Results for Performance Measure One are shown in Table 
3 and Figure 1. Thpre were no significant differences be- 



Daily Averages 



Energy (kj/kg} 
Ca/bohydrate {%) 

Prote&T {%) 
TraHng vofifme (mm/tf). 
VaTues are mean ± SD. 



Placebo 
(^=10) 



(iy-9j 



154 ±53 

54.7 ±6.3 
26.3 = 5:4- 

15.8 ±2.1 
92±32 



149 ±31 
52,7 ±6.5 
26.7 ±5.1- 
16l5 ± 3.1 
85 ±27 



BOg 

1.49 ±41 
50.1 ± 93 
29,5 ±7.4 
18 ±3.4 
B7±64 



1 186 Offidal Journal of the American College of Sports Medicine 



tween groups orwitfain git)ups (pre-^^^ post-supplemental | 
tion) for any of the absolute: values /for work completed l 
dun ng each ride of the average of by th rides; W^^ 
from the second VO^™, lest is expressed i<i a percentage ol-l 
the work completed in the first VQ^^^ test, and pr^sup:f 
plementation values are compared with post-supplemenia-'' 
tion, subjects improved by 3,4%, 4.0%, and 3.9% in the> 
placebo, 20 g, and 60 g groups, respectively (Fig. 1). In eacfi ^ 
case the difference between the changes was not statistically "! 
Significant (95% CI for diflbrences, ± L8%). M 
Nutritional and lluid intake was recorded daring the Sec- v| 
ohd Performance Measure. There were no significant dif-vl 
ferences (data not shown) between groups or within ^ups 1 
(pre- vs post-supplementation) in nutrient or fluid intake -i 
dunng the nde. In the Second Performance Measui^ (Tab. 4 -f 
and Fig. 2), there were increases of 37 s; 134 s, and 158 s in § 
die placebo, 20 g, and 60 g groups, respectively (95% a for 1 
differences. ±47 s). The performance improvements in the 
20 g and 60 g groups were both significantly greater (? < 
0.05) than that in the placebo group, 

DISCUSSION 

• evaluate the do^ of colostrum supplenaenta- * 

tion on cycling work capacity, twd peilbnnance meijoies 
were choseri. The major fi that in one 

performance measure 

m cychng work capacity in those subjects consuming either : 
20 g or 60 g/d of bovine colostrum. Although we cannot 
discount the possibility: that this was a chance finding, 
importantly the 95% confidence intervals for the differences 
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TABU 3- Data frtm performance measure one 



PrB-5upj)lementatton 



Posl-siipplemetilallon 



Work Comptated 
Te«l{kJ) 



Pteceb.o{«- 10) 
20 9 (A/ -9) 
_6Qq( /V = 9) 

Values are meaR ± SO. 



295 ± 99 
395 ±72. 
334i 77 : 



Work Cornpleted 
Test (IcJ) 



Averaffe Work 
CootpJeted in 
ZTeslsOcJ) 



Wark Compfeled 
■ TcstQcl) 



Woik Completed Average Woit 
in2^if0j^ : ; tompJeted in 
■ - TBstQU) • :2Tesls (JcJI 



279 ^63 
36711:81 
362 i 87 



287 i 88 
38i ± 74 : 
378 ±78 



387 ±65 
411 T*r ItM 



2B5 ±71 : 
374^:66 
390 ±86 



288 i 78 
381 ±62 
400 ± 89 



!mprovement 



Ctiange In the Average 
Wsrtt Coinpleted From 

Pre* to Post- 
Soppf emetttetiog (M) ■ 

-2 ±20 
1±23 
10 ±29 



in improvements in performance times did not overlap (pla- 
cebo = 37 s/20 g = 1 58 s, 60 g = 134 s; 95% CI for 
differences, 47 s) 

The present finding that 8 wk of oral bovine colostrum 
supplemeiitation improved the amount of work completed 
after a 2 h cycle at 65% V02n,ax ^s consistent, with Buckley 
et aJ..(l) virho used treadmill nuuihig. In this study, an 8 wk 
supplementation protocol of 60 g/d of colostrum was. used. 
The present study indicates that similar performajice l>ene- 
fits may be obtained with: a smaller (20 g) dose. . 

Performajice was not iinproved in Performance Measure 
One, which required subjects to complete two VOjniox t^^s 
separated by 20 min witli tlie amount of work completed in 
the second test used as the perfomiance determinant. This 
design is similar to that used by Buckley who reported a 
£i^ater ainounl of .work completed in theisecQDkl treadhiill 
test after 8 wk of colostrum supplumcntatioh. A possible 
explanation for the different findings ih the pr^^ 
and that of Buckley is the mode of theexerc test. Cyclists 
are accustomed to events of longer duration compared w 
mniiers, The incn;racntal shon tenn design (--20 min) of the 
^^2max protocols used in Performance Measure One may 
not have been specific to the demands of a typical cycling 
event, and this test may be more suitable for assessing 
mailing performance. The second performance measure was 
designed to approximate tlie demands of a iOO km time trial 
and may be viewed as a more appropriate exercise lest for 
cycling. Again, it was this second pciformance measure that 
showed a significant improvement in cycUng pcrtbrraance 
in subjects consuming bodi 20 g. and 60 g/d of colostrum. 

A uujnbdr of mechanisms may explain the action of 
bovine colostrum that caused the p^^ enhancement. 
'Mero et ai (4) reported that colostrum supplementation 
increases circulatihg IGF-1. As bovine IGF- I sha^^ 
homology with hunrian TGF-1, it was ; fwstulated that an 
increased circulating IGF- T would improve anabolic pro- 
cesses post-recovery by causing a greater overall adaptation 
to trainhig and resultant observed performance enhance- 
ment. Consistent with the findings of Buckley, the present 

J^ BLE 4. Daia ifoni performance measure two. : 

Pfe-mpplecnehtatioA 
: Perlorniance Ride 
Timfi{s) . 



sttJdy showed no difference in plasma IGF-1 levels between 
the three groups. A likely explanation for the contradictory 
findings to Mero is the type of assay used. Mero used a 
radioimmunoassay that measures both the IGF-l and its 
associated binding protein. A more appropriate and accepted 
procedure for plasma IGF-1 was used in the present study to 
first remove the binding protein before measuring IGF- 1 (6). 

A second mechanistic hypothesis is that colostnim sup- 
plementation enhances nutrient absorption from- the small 
intestine, IGF-I and epidermal growth factor (EGF) in the 
small intestine have bucn shown to stimulate gastrointestinal 
mucosal growth and brush border enzyme activity when 
given to suckling animals (2,5). Furthermore, it is well 
established that in adult animals administration of lGF-1 
increases intestinal mucosal weight, protein and DNA con- 
tent, villus height, and epithelial proliferdtion and function 
:; (3,8). We p>osnilate that bovine colostrum supplementation 
; ::improyes sm^^ nutrient absorption 

; leadhig, ta the recovciirig : 

miisclc cells. The enhanced nutrient availability may pro- 
: mote recovery after training by accelerating the repair of 
injured muscles, leading to a gix^ater ovi&raU adaptation to 
training^ Testing these postal ates would provide an interest- 
ing area for future research. 

A small but nonsignificant decrease was observed in 
^Oamax in each of the diree groups over the course of the 
trial. This was due to the pcriodization of the cyclists train- 
ing. All subjects tested were competitive cyclists who com- 
pleted their pre-supplementation V02ninx.test at the end of 
die road season when trdining volume was the highest. Aftei* 
these tests,, the cyclists began preparing for die summer 
track season when training volume decided due to a focus 
on power and strength work. Tliey completed their post- 
: supjpleihentation V02m„ teste leading into the track season. 

The sigmflcant improvemetits in time tria^perfo^nancc i^ 
the colosu-um groups, added to the small decrea.se in VOamax 
over the supplemcniaiion period, meant that subjects were 
working at a higher relative intensity during the post-sup- 
plementation time trial . We suspect that this was because of 



Poat-supplementatfofl 

Performance Ride Improvement Improvement. 

rim e (sj : Is) • (%) 

.782 ±93; 37 ±108 ; 4 ±2 

658± 78 158 ±84' 19±4* ■ 

691 +31 134 ±S2* 16±2* 



Medici/ia &■ Science in ^orts & Exercise© 1 187 



Ptacetio(/V= 10] 819+185 
20o(Af* g) 825 + 91 

Klg(A^='9) 825±.105 

yalues are msan ± SD. 

* Slgiiiffcantiy greater than ptaceho {P < O.OS}. 
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I'lGURE 2— Performance measure iwo. Suyects were required ta 
cycle for 2 h at 65% V02„,, Ui en complete a work-based time trlnl, 
The ttme trial times fur the three groups pre- and piwrt-supprcracnta' 
tion ore shown. Means (±SD).» sigmficantly less thaii placebo (P < 
0.05). . ■ • . - .■■ . 



the. aforementioned diange in training to high intensity 
work. Training diaiies support this postulate with subjects 
documenting more hill and track training leading up to the 
po.-it-supplemcniiition testing, 1 his training may have in- 
creased anaeixibic threshold eriahling subjects to work at 
higher relative intensity post-supplementation. 

One of the major strengths of this study was the research 
design. To ensure supplement and training compUantx: over 
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the 8 wk supplementation period, subjects were monitotBd 
for nutritional intake and training volume, and a number ^ 
subjects were excluded from the study owing to their ii 
ability to mainlam training volume or product adherence 
Analysis of diet and training diaries showed that there wer^ 
no differences between groups in the total energy intake, the 
cotnposirion of macronutrients, or the trainhg volume.' *i 
In summary, the purpose of the study was to deiermin^ 
the dose effects of oral bovine colostrum supplementation 
on physical work capacity in cyclists using two performance 
tests. Colostrum supplementation failed to improve dte abil- 
ity to perform a second maximal work bout after a relatively 
short rest period, following a prior maximal work bout Li 
die second test, after a 2 h ride at 65% VO^^ two different 
colostrum supplement ddses (20 g or 60 g/d) were associ^ 
ated widi small but worthwhile enhanced performance in a 
work based time trial. 

The authors thank Phillip Owens for analyzing plasma fQF-l 
Tammy Ebert at the Tasmanian Institute of Sport for assistance with 
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throughout the study. 
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APPLIED NlTTRmONAL INVESTIGATION 



Effects of Oral Bovine Colostrum Supplementation 
on Serum Insulin-like Growth Factor-I Levels 

Harm Kuipers, WD, PhD, E. van Breda, PhD, G. Verlaan, MSc, and R. Smeets, PhD 
From Maastricht University, Maastricht, The Neiherlaruh; and Numico Research, 
Wageningen, The Netherlands 

OBJECTIVES: Wl invcitigated. wh&thcr sapplementaiion with 60 gfd of bovine colosinjm affects blood 
levels of insuUn-likc growth facior-1 aCF-O anU IGF bindiDg protcin-3 in relation to doping testmg. Nine' ; 
. cnduranix-irained mtfn ingested 60 g/d of bovine colpsirum fo^ : 

METHODS: BlQod and urine were sampled before starting supplemenration. After 4 >k urine and blood 
samples were taken after an overnight fast and 2 h after ingestion of the lust portion to study possible acute 
■ effecui.' ■■ 

RESUITS: Blood IGF-I levels before supplementation Were (mean ± standard deviation) 31 ± 13 ftM/L, 
and no acute effects were observed after 4 wk of supplemcotaiion (33 ± 9 nlWL). Levels of IGF-binUIng 
proteiD-3 were 136 ± II nM/L before supplemeniadon and 135 ± 16 nM/L after 4 wk of suppienncniaiion. 
Two houre afLcr ingcRtion of the last portion, the icvel of IGl* protein-3 was 131 ± 19 iiM/U which 
was not difterem from baseline values. Drug te.<iiing in & luburaiory sccrcditcd by tbe latemadonal Olympic 
Committee did nol show any fofbidd!en substance befijie or after 4 wlc of supplemenUilion. 
CONCLUSIONS; Daily supplementation with 60 g of bnvint: colostrum for 4 wk does not change blood 
IGF-t or IGF binding prfltein-3 levels and does not elicit positive results on dnig tests. Nutrition 2002; 
18:566--567. ©Elsevier Science Inc. 2002 

KE)r WORDS: colostrum supplementation, growth factors, doping test 



INTRODUCTION 

Oml nulriiiimar supplementation of colostrum, ihc first milk scr 
creted by cows after calving, ha$ long been advocated as promot- 
ing health. In the late I9&0s it beciinie un imptiiiMnt niitritioiial 
supplement for athletes. Although it has not been established 
unequivocally that colostrum enhances performance in huinans, 
athletes take oral bovine colostrum in an attempt to use all possible 
legal means to enhance performance. Tlic intCTOl in this supple- 
ment recently has regained momenium. 

Colostrum is designed by nature as a substance that protcccs a 
newborn's immune system and provides passive immunity against 
a host of microorgarusnvN. It also assists the body witb protein 
synthesis, muscle building, and tlssiie growth. Colosuiun is a rich 
source of bioaciivc proteins, '^^ which could account for its pre- 
SLTibed actions. Although colostrum might contain proteins with 
anabolic actions thut have not yet been described, a possible 
mechanism of action could come from insulin-like growth factor-I 
(tCF-l). It is the most abundant and wcll-dMcribcd growth faaor 
in colostrum and has the same analDO acid structure in bovines and 
liuniajm.3 AUministratinn of TGF-1 stimulated muscle protein syn- 
thesis in animals and humans.^ Colostrum supplcmcntadnn may 
increase plasma iCF- 1 concentrations, which has a direct action on 
tissue growth, or IGF-l might increase intestinal maturation and, 
Willi that increase, nutrient uptalcc. However. Qucklcy et al 
found no increases in plasma IGF-T levels with the use of bovine 
colostrunns ((ntact'f", GNC, Pttisbut^h, PA, USA), whereas Mcro 
ct al.8 found changes in IGF- 1 levels after. training in subjects who 
had ingested bovine: colosl rum x, alt bough the magnitude of change ; 
was small and remained withiii the nornta] physlulogic range. Tn 
addition to IGF-L bovine colostrunv contains growth hormone. 



Corrcipondence lo: Harm Kuipers, MO, ?\\D, Dcparuncni of Movcraeni 
ScicncM, PO Hox 616. 6200 MD MaastricbL The NcOierlands. E^nail: 
biinnJ:uipcrs<$bw.unimaas,nf 



Growth horaioiic also exerts a xpeufii: effect on metabolism,* In 
contrast to IGF-I, dlis ftum of bovine growth hormone docs not 
bind to the human grov/th hormone receptor.'" 

■ Because colostrum contains compoTkents forbidden by the In- 
iCTiiadonal Olympic Comiiiittec (IOC; e.g., lOFjtnJ growth hor- 
mone), whether to add. colostrum to the IOC's list of banned 
substances is being debated. 'Rie purpose of this smdy was to 
invesLgaifi 1} wheihcr colostrum supplementation (60 g/d) has any 
effect OQ plasma levels of IGF-I and its binding protein (insulin- 
like growth factor binding pfOtein-3 riGFBP31) and 2} whether 4 
- wk of supplementation wouid have any effect on a regular urine 
drug icsi iri an IOC-accredited laboratoiv. 



IMTIMALS AND METHODS 

Subjects 

Nine, healthy, well-traiiusd, competitive male athletes participated 
in the study. Mean age was 25 y (range, 19-29), mean height was 
1.83 m (range, I.72-I.S9 m), and mean b(uly weight was 74.8 kg 
(range. 68.6-86.5 kg). Subjects were engaged in endurance train- 
ing fur ai least 5 h/wk before the swdy. During the 4 wk of 
supplementationv their tra'uiing programs did not change. The 
following exclusion criteria were used: intolerance to cow's miOc 
protein, lactose intolerance, any medical condition requiring med- 
ication might affect the results of the Study, or having taken 
ergogenic substances, nuiriiional strpplements. or . hormonal ot 
chemical components within 6 wk before the start of the swdy. 

Design 

The study wus in accordance with the Declaration of Helsinki and 
Dutch law and was approved by the local medical ethical com- 
mittee. According to the guidelines, full written informed consent 
wa.«v signed by each subject 
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Name 

Jonathan David BUCKLEY 

Contact Details 

16 New York Road 
Aberfoyle Park 
South Australia, 5159 

Tel: [08] 8370 4991 (home) 
Tel: [08] 8302 1853 (work) 
Mobile: 0417 880030 

Other 

DOB: 4 December 1963 

Married to Liz with 2 children (Thomas 3 y.o.) and William (1 y.o.) 

Executive Summary 

Appointments Co-Dkector, Australian Technology Network Centre for Metabolic Fitness; Deputy 
Director, Nutritional Physiology Research Centre, School of Health Sciences, University of South 
Australia; Associate Professor, School of Health Sciences, University of South Australia; Visiting 
Research Fellow, University of Adelaide. 

Research profile Major research interests in nutrient and exercise effects on body composition 
(obesity), health, and physical performance. Invited speaker at major international (International 
Congress on Obesity Satellite) and national meetings (Australian Society for the Study of Obesity, 
Australian Dairy Conference, Sports Medicine Australia. Member Nutrition Society of Australia. Invited 
by Food Standards Australia and New Zealand (FSANZ) to review health benefits of omega-3 fatty 
acids to inform regarding pre-approval of health claims. Regular invitations to review grant applications 
(Australian Research Council, National Health and Medical Research Council, National Heart 
Foundation) and manuscripts for international scientific medical and exercise journals. 

Research training and teaching Current principal supervisor of 2 PhD students and 1 Honours 
student, and joint supervisor of an additional 4 PhD students and 7 Honours students. Joint supervisor 
of 3 postdoctoral fellows, 1 research assistant, 2 technical assistants and 1 administrative assistant. 
Currently lecture in Physiology to Physiotherapy and Podiatry undergraduate students at University of 
South Australia. Won University wide teaching award in 2005 for high performance in teaching, and 
consistently achieve amongst the highest scores in student evaluations of teaching performance within 
the School of Health Sciences. Extensive experience in curriculum development. 

Research grants Currently holding Australian Conpetitive Grants (NHMRC, ARC Linkage, NHF) 
totalling $3,611,453 and other grants totalling $2,886,700 (ATN Challenge and primarily industry 
funded grants). Previously held Australian Con^etitive Grants (Diabetes Australia) totalling $30,000, 
and other grants (Industry) totalling $1,094,737 (primarily industry funded grants). Total research 
funding past and present from all sources $7,622,890. 

Research publications Research findings published in premier exercise, nutrition and physiology 
journals including Obesity (formerly Obesity Research) (IF 4,0), American Heart Journal (IF 3.6), 
Medicine and Science in Sports and Exercise (IF 2.8), and Nutrition (IF 2.1). Research findings also 
published in 17 confidential research reports for industry and/or government. 

Research translation Contribution to changes in national elite athlete testing protocols. Contribution 
to national food policy development through FSANZ. Evaluation of health benefits of foods for the 
food industry leading to the introduction of new food products into the food supply. Development of 
intellectual property leading to the registration of patents for food products which improve health and 
athletic performance. 
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Academic Qualifications 

1 997 PhD University of Adelaide, Adelaide, South Australia 

1992 BSc (Hons) University of Adelaide, Adelaide, South Australia 
1 99 1 B AppSc University of South Australia, Adelaide, South Australia 



Current Appointments 

Associate Professor 

School of Health Sciences 
University of South Australia 
Appointed in 2006 

Co-Director 

Australian Technology Network Centre for Metabolic Fitness 
School of Health Sciences 
University of South Australia 
Appointed in 2005 

Deputy Director 

Nutritional Physiology Research Centre 
School of Health Sciences 
University of South Australia 
Appointed in 2003 

Visiting Research Fellow^ 

School of Molecular and Biomedical Sciences 
University of Adelaide 
South Australia 5005 
Appointed in 2001 

Past Appointments 

2002-05 Senior Lecturer 

School of Health Sciences, University of South Australia 

2002 Acting Head of School (2 month) 

School of Physical Education, Exercise and Sport Studies 
University of South Australia 

1998- 04 Program Director, Bachelor of Applied Science (Honours) (Human Movement) 

School of Health Sciences, University of South Australia 

1999- 03 Director, Centre for Research and Education in Sports Science 

School of Physical Education, Exercise and Sport Studies 
University of South Australia 

1 999-0 1 Lecturer (Level B) 

School of Physical Education, Exercise and Sport Studies 
University of South Australia 

1996-98 Lecturer (Level A) 

School of Physical Education, Exercise and Sport Studies 
University of South Australia 
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Professional Awards 

1 997 - 2006 Supported Researcher Award for high performance in research 
University of South Australia, 

2005 Best paper 

Australian Society for Medical Research Conference, Adelaide. 

2005 Supported Teacher Award for high performance in undergraduate teaching 

University of South Australia. 

2004 Best paper 

American Oil Chemists Society (Australasian Chapter) Conference, Adelaide. 

1 994 Barbara Crase Bursary for academic excellence 

Australian Federation of University Women, University of Adelaide. 

1 993 Astra Prize - Best student poster 

Australian Physiological and Pharmacological Society, Adelaide. 

1992 - 1995 Australian Postgraduate Research Award 
University of Adelaide, South Australia 

Overview of Undergraduate Teaching 
Current teaching 

• Physiology (Physiotherapy and Podiatry programs) 
Past teaching 

• Human Anatomy and Physiology (Himian Movement program) 

• Exercise Biochemistry (Human Movement program) 

• Exercise Physiology (Human Movement program) 

• Curriculum development (B AppSc (Hons)(Human Movement)) 

• Curriculiun development (Bachelor of Health Sciences (Honours)) 

Overview of Research Program 
Athletic performance 

• Amino acid supplements to improve athletic performance and recovery 

• Protein hydrolysates for improving recovery from exercise 

• Omega-3 fatty acid effects on exercise performance and recovery in elite athletes 

• Improvement of elite athlete testing methodologies 

Obesity and cardiovascular risk 

• Efficacy and safety of low-carbohydrate diets for weight loss 

• Effects of dietary weight loss and exercise on reproductive function in polycystic ovary syndrome 

• Omega-3 fatty acid effects on obesity, cardiovascular risk and inflammation 

• Effects of green tea polyphenols combmed with exercise on obesity and cardiovascular risk 

• Effects of cocoa polyphenols and exercise on body conqjosition, cardiovascular risk and cognition 

• Effect of green tea polyphenols on blood glucose control in glucose intolerance 

• Effects of dietary weight loss and exercise on vascular function in type 2 diabetes 
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• Effects of dietary weight loss and resistance training on glycemic control in indigenous Australians 

• Developing a cohort of indigenous health research leaders 

• Efficacy of cognitive behavioural therapy for reducing obesity in adolescents 

• Efficacy of a lifestyle education program for reducing obesity in a rural community 

• Effect of soy and dairy protein on cardiovascular disease risk and cognitive function 

Current Research Collaborations 
Athletic performance 

• Amino acid supplements, athletic performance and recovery (P Bourdon, SA Sports Institute) 

• Protein hydrolysates and recovery (M DeNichilo, TGR Biosciences, Adelaide) 

• Improving elite athlete testing (P Bourdon, S Woolford, SA Sports Institute) 

Obesity and cardiovascular risk 

• Low carbohydrate diets (P Clifton, M Noakes, G Brinkworth, CSIRO Human Nutrition, Adelaide) 

• Polycystic ovary syndrome (P Clifton, M Noakes, G Brinkworth, CSIRO Human Nutrition, Adelaide) 

• Omega-3 fatty acids (A Ferrante, Adelaide Women's and Children's Hospital) 

e Vascular function in diabetes (P Clifton, M Noakes, G Brinkworth, CSIRO Hiunan Nutrition, 
Adelaide) 

• Cognitive behavioural therapy (J Walkley, RMIT University, Melbourne) 

• Lifestyle education in rural communities (M Haas, University of Technology Sydney; G Misan 
Spencer Gulf Rural Health School, University of Adelaide) 

• Soy and dairy proteins (T Mori, University of Western Australia; B Meyer, University of 
Wollongong) 

Peer Review 

Invited Reviewer - Manuscripts 

• Joumal of Applied Physiology ( 2005, 2006) 

• Eiu*opean Joumal of Applied Physiology (2004. 2005) 

• Medicine and Science in Sports and Exercise (2002) 

• International Joumal of Sports Nutrition (2002) 

• Joumal of Science and Medicine in Sport (2003, 2004, 2005) 

• Lipids (2005) 

• Obesity Research and Clinical Practice (2006) 

Invited Reviewer - Grants 

National Health and Medical Research Council 

• Project grants (2005, 2006) 
Australian Research Council 

• Discovery grants (2006) 
National Heart Foundation 

• Project grants (2005, 2006) 
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Thesis examination 

Honours Theses (xl2). General Examiner. School of Health Sciences, University of South Australia, 
1999 - 2006 

PhD Thesis. The influence of bovine colostrum supplementation on immune variables and exercise 
performance in trained cyclists. School of Human Movement Studies, University of Queensland, 2006. 

Scientific Discipline Involvement 
Membership of Professional Organisations 

• Nutrition Society of AustraHa (since 2003) 

• Australian Society for Medical Research (2000 - 2002) 

Professional Contributions - Current 

University of South Australia 

• Member, Division of Health Sciences Research Management Committee, 2001 - ongoing 

• Member, School of Health Sciences Research Management Committee, 2004 - ongoing 

• Reviewer, Postgraduate student research proposals, School of Health Sciences, 2004 - ongoing 

Professional Contributions - Previous 

Sports Medicine Australia 

• Reviewer, Abstracts for Annual Scientific Conference, Adelaide, 1998 

University of South Australia 

• Chair, School of Health Sciences Steering Committee for Rationalisation of Undergraduate 
Teaching , 2003 - 2004 

• Student Counsellor, Human Movement Program, School of Physical Education Exercise and Sport 
Studies, 2001-2004 

• Member, Curriculum Development Committee for Bachelor of Health Science (Honours) and 
Bachelor of Applied Science (Honours) (Specialisation), 2003 

• Member, Steering Committee for Research Centre Development, Division of Health Sciences - 
2003 

• Member, Academic Board, 1996 - 1998 

• Chair, Curriculum Development Committee for Bachelor of Applied Science (Honours)(Human 
Movement), 1997 



Supervision 

Current PhD students 

• Mr Pitre Bourdon (Principal Supervisor). University of South Australia. Thesis title: Blood lactate 
transition thresholds in elite athletes. 

• Ms Rebecca Thomson (Principal Supervisor). University of South AustraUa. Thesis title: Lifestyle 
strategies for the management of reproductive function in Polycystic Ovary Syndrome. 

• Ms Alison Hill (co-supervisor). University of Adelaide. Thesis title: Effects of omega-3 fatty acids 
and exercise on body conq^osition, cardiovascular risk and inflammation. 
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• Ms Alicia Thorp (co-supervisor). University of Adelaide. Thesis title: Effect of soy and dairy proteins 
on cardiovascular risk and cognitive function. 

• Mr Kade Davison(co-supervisor). University of Adelaide. Thesis title: Cocoa polyphenols and 
exercise: effects on body corrqjosition, vascular function and cognition. 

• Ms Tahna Pettman (co-supervisor). University of South Australia. Thesis title: A diet and exercise 
education program to reduce obesity and cardiovascular risk in a rural community. 

Past PhD students 

• Dr Grant Brinkworth (Principal Supervisor). University of South Australia. Thesis title: Physiological 
effects of oral bovine colostrum supplementation. Completed 2003. 

Past Masters students 

• Ms Marion Abbott (Principal Supervisor). University of South Australia. Thesis title: The effect of an 
oral bovine colostrum supplement on physical work capacity and body conq)osition. Completed 2002. 

Current Honours students 

• Mr Ian Pateyjohns (Principal Supervisor). University of South Australia. Thesis title: Conqjarison of 
three bioelectrical impedance methods with DEXA in overweight and obese males. 

• Ms Margarita Tsiros (co-supervisor). University of South Australia. Thesis title: Cognitive 
behavioural therapy to treat overweight and obesity in adolescents. 

• Mr Stelios Sioutis (co-supervisor). University of Adelaide. Thesis title: Regular consuiiqjtion of 
omega-3 enriched pork increases docosahexaenoic acid incorporation into erythrocyte membranes. 

• Ms Catherine Milte (co-supervisor). University of Adelaide. Thesis title: DHA intake affects 
biomarkers of omega-3 status and cardiovascular risk. 

• Mr Thomas Wycherley (co-supervisor). University of Adelaide. Thesis title: Weight loss with and 
without aerobic exercise improves cardiovascular disease risk factors but not flow-mediated dilatation 
in obese subjects with type 2 diabetes. 

• Ms Angela Halyburton (co-supervisor). University of Adelaide, Thesis title: Effects of a low- 
carbohydrate diet on mood and cognitive function. 

• Ms Rosali Kenyon (co-supervisor). University of Adelaide. Thesis title: Effects of a low- 
carbohydrate diet on markers of DNA damage. 

• Ms Anna Puckridge (co-supervisor). University of Adelaide. Thesis title: Effects of a low- 
carbohydrate diet on physical function and exercise capacity. 

Past Honours students 

• Ms Rebecca Thomson (Principal Supervisor). University of South Australia. Thesis title: 
Effectiveness of emu oil in reducing exercise-induced muscle soreness and inflammation. Completed 
2005. Awarded First Class Honours. 

• Mr Shane Burgess (Principal Supervisor). University of South Australia. Thesis title: The effect of 
omega-3 PUFA on exercise performance, recovery, inflammatory markers and cardiovascular risk 
factors in professional Australian Rules football players. Completed 2004. Awarded First Class 
Honours. 

• Mr Stuart Graham (Principal Supervisor). University of South Australia. Thesis title: Development of 
a simple method for determining the state of recovery in young athletes. Completed 2004. Awarded 
First Class Honours. 

• Mr Andrew Beck (Principal Supervisor). University of South Australia. Thesis title: The evaluation 
of a new method for analysis of treadmill running data. Completed 2004. Awarded 2 A Honours. 
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• Ms Alicia Thorp (Co-supervisor). University of South Australia. Thesis title: Digital volume pulse 
oximetry: a reliable assessor of endothelial function and arterial con^liance? Con^jleted 2003. 
Awarded First Class Honours. 

• Ms Kelly Leah (Co-supervisor). University of South Australia. Thesis title: The effect of short term 
exposure to increased carbon dioxide levels on choice response time, pulmonary ventilation and heart 
rate in normal healthy individuals. Completed 2001. Awarded First Class Honours. 

• Ms Susan Thomas (Co-supervisor). University of South Australia. Thesis title: The effect of short 
term exposure to raised levels of CO2 on motor performance and physiological responses in normal 
individuals. Convicted 2001. Awarded First Class Honours. 

• Mr Simon Stolcman (Principal Supervisor). University of South Australia. Thesis title: Bovine 
colostrum and URTI infection in young children, Conqjleted 200\. Awarded 2 A Honours. 

• Mr Grant Brinkworth (Principal Supervisor). University of South Australia. Thesis title: Effects of 
oral bovine colostrum supplementation in elite rowers. Completed 1999. Awarded First Class Honours. 

Research Staff Supervision - current 

Postdoctoral Research Fellow, Nutritional Physiology Research Centre (shared supervision). Dr 
Barbara Parker, PhD, 2006 - ongoing 

Postdoctoral Research Fellow, Nutritional Physiology Research Centre (shared supervision). Dr 
Narelle Berry, PhD, 2006 - ongoing 

Postdoctoral Research Fellow, Nutritional Physiology Research Centre (shared supervision). Dr 
Natalie Sinn, PhD, 2006 - ongoing 

Research Assistant, Nutritional Physiology Research Centre (shared supervision). Ms Katie Boyd, 
2006 - ongoing 

Technical Assistant, Nutritional Physiology Research Centre (shared supervision). Ms Amanda Jager, 
2006 - ongoing 

Technical Assistant, Nutritional Physiology Research Centre (shared supervision). Ms Keren 
Kneebone, 2006 - ongoing 

Administrative Assistant, ATN Centre for Metabolic Fitness (shared supervision). Ms Erin Riley, 2005 
- ongoing 



Research Staff Supervision - past 

Postdoctoral Research Fellow, Nutritional Physiology Research Group, School of Health Sciences 
University of South Australia (shared supervision). Dr Karen Murphy investigated the effects of 
omega-3 fatty acids and exercise on body conq)osition and exercise performance and recovery. Her 
studies are currently being written up for publication. She moved to a group at the University of 
Adelaide after being with our group for 1 8 months. 

Postdoctoral Research Fellow, Nutritional Physiology Research Centre, School of Health Sciences 
University of South Australia (shared supervision). Dr Alison Coates worked on a number of projects 
examining health benefits of nutrients. Some of her work is published and other studies are ciurently 
being written up for publication. She took up an academic position with the University of South 
Austraha after working with our group for 2 years and continues to collaborate. 



Teaching 

• Physiology 100 (2006 - ongoing), 39 x 1.0 hr lectures, 130- 140 students 

• Physiology 101 (2006 - ongoing), 39 x 1.0 hr lectures, 130- 140 students 

o Physiology 100 (2004 - 2005), Course Coordination, 39 x LO hr lectures, 130 - 140 students 

• Physiology lOl (2004 - 2005), Course Coordination, 39 x 1.0 hr lectures, 130 - 140 students 

• Human Anatomy and Physiology 1 (1997 - 2005), Course Coordination, 26 x 1.0 hr lectures, 3 x 2 hr 
practicals, 120- 130 students 
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• Human Anatomy and Physiology 2 (1997 - 2005), Course Coordination, 26 x 1.0 hr lectures, 3 x 2 hr 
practicals, 120- 130 students 

• Exercise Biochemistry (1996 - 2005), Course Coordination, 26 x 1.0 hr lectures, 3 x 2 hr practicals, 
30 - 40 students 

• Exercise Physiology (1996 - 1997), Course Coordination, 26 x 1.0 hr lectures, 3 x 2 hr practicals, 60 - 
70 students 

• Curriculum development (BAppSc (Hons)(Human Movement)), 1997 

• Curriculum development (Bachelor of Health Sciences (Honours)), 2003 

Involvement in the Wider Community 

South Australian Sports Institute 

• Fitness Advisor, Athletics (Mr Nik Hagikostas coach), 2004 

• Fitness Advisor, Weightiifting (Mr Rick Crump coach), 1990- 1991 

South Australian National Football League 

• Fitness Advisor, Norwood Football Club (Mr Neil Craig coach), 1990 - 1991 

Australian Society for Medical Research 

• Careers in Science presentation for High School Students, 2001 

Australian Olympic Committee 

• Host, Drugs in Sport Initiative Presentation to junior athletes, 2000 

Researcli Profile 

International - invited speaker 

2006 International Congress on Obesity Physical Activity and Obesity Satellite, Brisbane, 2006 

• ''Simpler diet and exercise solutions for managing obesity" 

International - session chair 

2006 International Congress on Obesity Physical Activity and Obesity Satellite 

• Chair, Diet and Exercise Session, Brisbane, 2006 

National - invited speaker 

2005 Australian Society for the Study of Obesity, Glenelg 
"Engaging the food industry into action on obesity*', 

2004 Australian Dairy Conference, Shepparton. 

Member of expert panel on health benefits of dairy foods 

2000 Dairy Research Foimdation, Kensington. 

"Does a diet of colostrum improve athletic performance? " 

1999 Professional and Amateur National Coaching Society (PANCS), Sydney. 
*' Effects of bovine colostrum on athletic performance'' 
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National - session chair 

2005 Nutrition Society of Australia, Annual Scientific Meeting, Melbourne. 
Chair, Plenary Session on Nutrient - Gene interactions 



2000 Sports Medicine Australia, Annual Scientific Meeting, Brisbane. 
Chair, Conference Session on Exercise Physiology 

1998 Sports Medicine Australia, Annual Scientific Meeting, Adelaide. 

Chair, Conference Session on Exercise Immunology and Endocrinology 



Local - invited speaker 

2005 Healthy Development Adelaide, University of Adelaide. 

"Obesity and lifestyle'* 

2004 Sports Medicine Australia (SA Branch), Kidman Park. 

''Exercise physiology for physicians '* 

2001 Sports Medicine Australia (SA Branch), Glenelg. 

"Bovine colostrum improves vertical jump performance** 

2001 Defence Science and Technology Organisation, Salisbury. 
"Performance effects of bovine colostrum *' 

2000 Australian Institute of Sport, Canberra. 

"Effects of bovine colostrum on athletic performance** 

1999 Department of Obstetrics and Gynaecology, University of Adelaide. 
"Effects of bovine colostrum on athletic performance and IGF- 1 '* 



Community presentations 

2006 University of South Australia Body of Knowledge Public Lecture Series, Adelaide. 
"Simpler diet and exercise solutions for managing obesity** 



2006 University of South Australia Blue Sky Public Lecture Series, Whyalla. 
"Simpler diet and exercise solutions for managing obesity '* 



Research Grant Support 

Research Grants - Current 



Title 
Building a cohort 
of indigenous 
research leaders in 
community health 
development 

Lifestyle 
strategies 
for the 



Investigators 
McDermott R 
Esterman A 
Buckley J 
d'Abbs P 
TseyK 
Segal L 
Clifton P 
Noakes M 
Buckley J 



Funding source 
NHMRC Capacity 
Building Grant 
456402 



NHMRC Project 
Grant 401817 



2007 



Year 
■2011 



Amount 
$2,376,107 



2006 - 2007 



$375,500 
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management of 
reproductive 
function in 
polycystic ovary 
syndrome 
Long-term 
efficacy and 
safety of low- 
carbohydrate diets 



Effect of Vespa 
Amino Acid 
Mixture (VAAM) 
on fat oxidation 
during exercise, 
and exercise 
performance, in 
well-trained 
athletes 

Effect of a novel 
whey protein 
hydrolysate on 
inflammation and 
recovery of 
muscular function 
following muscle 
damage induced 
by eccentric 
exercise 
Effect of dairy 
based replacement 
meals on mood 
and appetite 
regulation in 
normal weight and 
obese subjects 
Effects of 
supplementing 
the diet with 
cocoa or omega-3 
fatty acids, alone 
or in combination, 
on blood pressure 
and body 
composition 
The relationship 
between omega-3 
fatty acid intake 
and risk of 
cardiovascular 
disease. A review 
of a diet-disease 
relationship. 
Evaluation of a 
green tea extract 
on blood glucose 
regulation 



BrinkworthG 



Clifton P 
Noakes M 
Brinkworth G 
Buckley J 
Fenech M 
Wilson C 
Buckley J 
HoweP 
Coates A 
Parker B 
Abamo D 



Buckley J 
Howe PRC 



Howe PRC 
Buckley J 
Parker B 



Howe PRC 
Buckley J 
Morris AM 



Howe PRC 
Mori T 
Buckley J 



Howe PRC 
Buckley JD 
Coates AM 



NHMRC Project 2006-2008 
Grant 401818 



$488,750 



Meiji Dairies 
Corporation, 
Japan 



2006 - 2007 



$243,500 



MG Nutritionals, 2006 
Brunswick, Vic 



$80,200 



MG Nutritionals, 
Brunswick, Vic 



2006 



$80,000 



Food Innovation 
Grant - National 
Food Industy 
Strategy and 
Effem Foods Pty 
Ltd (Masterfoods) 



Food Standards 
Australia and New 
Zealand 



2006 - 2007 



$368,000 



2006 



$12,000 



DSM Nutritional 2006 
Products 



$25,000 
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ATN Centre for 
Metabolic Fitness: 
diet and lifestyle 
strategies to 
optimise health 
and reduce the 
burden of obesity- 
related disease 
Development and 
application of an 
index for 
substantiating 
health benefits of 
omega-3 enriched 
foods. 

The effects of a 
very-low 
carbohydrate, 
weight reduction 
diet compared to a 
low saturated fat 
diet on physical 
capacity, mood 
and 

cardiovascular 
disease risk in 
subjects vvdth 
metabolic 
syndrome 



Howe PRC 
McDermott R 
Buckley JD et al. 



Howe PRC 
Buckley JD 
Ferrante A 



Clifton P 
Noakes M 
Buckley J 
Brinkworth G 



ATN Challenge. 
ATN University 
Network. 



2005 - 2009 



$1,985,000 



ARC Linkage 
Grant LP0561211 
(Industry partners: 
Bartlett Grain and 
Australian Pork 
Ltd) 

National Heart 
Foundation Grant- 
in-aid. 



2005 - 2006 



$251,096 



2005 - 2006 



$120,000 



Research Grants - Past 



Title 
Effect of energy 
restriction and 
exercise training 
on vascular 
endothelial 
function and 
oxidative stress in 
obese subjects 
with type 2 
diabetes 

Effects of a novel 
nutrient on 
abdominal fat 
mass in 

overweight/obese 
volunteers. 
Anti-inflammatory 
effects of active 
emu oil. 



Investigators 
CUfton PM 
Noakes M 
Brinkworth GD 
Buckley JD 
McArthurR 
Sullivan C 



Howe PRC, 
Buckley JD, 
Morris A, Hill A, 
Ninio D, Taylor J 



Buckley J, Howe 
P, Morris A. 



Fimding soiu"ce 
Diabetes Australia 
Research Trust 



Year 



2005 



Amoxmt 
$30,000 



DSM Nutritional 
Products 



2005 



$215,000 



Technology 
Investments 
Corporation Pty 
Ltd. 



2005 



$49,946 
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Inpact of dietary 
omega-3 fatty acid 
supplementation 
on asymmetric 
dimethylarginine 
(ADMA), a novel 
cardiovascular 
risk factor. 
Inqjact of 
cocoa 

polyphenols and 
exercise on 
abdominal 
adiposity. 
Assessment of the 
glycemic index of 
foods containing 
waxy barley 
Development and 
application of an 
index for 
substantiating 
health benefits of 
omega-3 enriched 
foods. 
Impact of 
VinlifeCS) grape 
seed polyphenols 
in combination 
with aerobic 
exercise on 
cardiovascular 
and metabolic 
fitness. 
Effect of 
whey protein 
supplements on 
blood pressure 
Effect of a novel 
food ingredient on 
the glycemic 
index of food 
Development of 
the Nutritional 
Physiology 
Research Facility 
Infrastructure 
Nutritional 
Physiology 
Research Group 
Postdoctoral 
Fellowship Grant 



Morris A 
HoweP 
Buckley J 
Sawyer T 



Howe PRC 
Buckley JD 
Morris A 



Howe PRC 
Buckley JD 
Morris A 
Thorp A 
HoweP 
Buckley J 
Ferrante A 



University of 
South Australia 
Competitive Grant 



2005 



$15,000 



Morris A 
Buckley J 
HoweP 



HoweP 
Buckley J 
Morris A 

Howe PRC 
Buckley JD 
Murphy KJ 

Howe PRC 
Buckley JD 



Howe PRC 
Buckley JD 



Effem Foods Pty 
Ltd 

(Masterfoods). 



Grain Research 

Development 

Corporation. 

University of 
South Australia, 
Division of Health 
Sciences National 
Competitive Grant 
Top-up Grant. 

University of 

South Australia 

ARC Linkage 

Project 

Development 

Incentive 

Grant. 



Effem Foods Pty 
Ltd 

(Masterfoods). 

Wacker-Chemie 
GmbH. 



University of 
South Australia 
Research 
Infrastructure 
Grant 

University of 
South Australia, 
Division of Health 
Sciences 



2005 



$105,000 



2005 



2005 



$20,000 



$8,000 



2005 



$2,500 



2005 



2004 



2004 



2004 - 2005 



$35,000 



$22,000 



$22,000 



$60,000 



13 



Determination of 
vascular dilatation 
during exercise 
using the 
PulseTrace 
Digital Volume 
Pulse 

Plethysmograph 
Effects of green 
tea polyphenols 
on body 

composition and 
cardiovascular 
disease risk 
The effect of a 
nutritional 
supplement on 
athletic 

performance in 
Australian Rules 
footballers 
Effect of omega-3 
polyunsaturated 
fatty acids and 
regular exercise 
training on 
cardiovascular 
risk factors in 
subjects with 
metabolic 
syndrome 
Effect of omega-3 
fatty acids on 
body composition 
in obesity 
Digital video 
analysis system 



COSMED 
portable indirect 
calorimeter 



Effect of oral 
bovine colostrum 
supplementation 
on acute and 
short-term 
changes in plasma 
insulin-like 
growth factor I 
concentration and 
intestinal nutrient 
absorption 



Buckley JD 
Howe PRC 



Buckley JD 
Howe PRC 



Howe PRC 
Buckley JD 
Murphy KJ 



Howe PRC 
Buckley JD 
Murphy KJ 



Howe PRC 
Saint DA 
Buckley JD 

Buckley JD 



Buckley JD 



Buckley JD 



University of 2004 
South Australia 
ARC Linkage 
Project Incentive 
Scheme 



University of 2004 
South Australia 
ARC Linkage 
Project Incentive 
Scheme 

Port Adelaide 2003 
Football Club Inc 



$2,500 



$5,000 



$25,000 



University of 2003 
South Australia 
Strategic 

Initiatives and 
Research 
Development 
Grant 



University of 2003 
Adelaide B3 
Establishment 
grant. 

University of 2002 
South Australia, 
Division of Health 
Sciences Research 
Infrastructure 
Grant 

University of 2001 
South Australia, 
Division of Health 
Sciences Research 
Infrastructure 
Grant 

Numico Research 2001 
Australia Pty Ltd 



$56,000 



$13,800 



$11,000 



$15,000 



$4,000 
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Effect of oral 
bovine colostrum 
supplementation 
on muscular 
strength and 
hypertrophy 
Effect of oral 
bovine colostrum 
supplementation 
on rowing 
performance in 
elite rowers 
Quinton treadmill 



Buckley JD 



Effect of oral 
bovine colostrum 
supplementation 
on exercise 
performance and 
recovery in elite 
rowers 

Small intestine 
permeability and 
inflammation in 
athletes, effects of 
probiotics 
Indirect 
calorimetry 
system 



Effect of oral 
bovine colostrum 
supplementation 
on body 
compostion and 
endurance running 
performance 
Effect of oral 
bovine colostrum 
supplementation 
on body 
conqjostion, 
strength and 
power 

Efficacy of a 
topical ketoprofen 
(NSAID) cream 
Efficacy of 
topical piroxicam 
(NSAID) cream 



Buckley JD 



Buckley JD 



Buckley JD 



Butler RG 
Buckley JD 



Buckley JD 



Buckley JD 



Buckley JD 



Buckley JD 



a Buckley JD 



Numico Research 
Australia Pty Ltd 



Numico Research 
Australia Pty Ltd 



University of 
South Australia, 
Division of Health 
Sciences Research 
Infrastructure 
Grant 

Numico Research 
Australia Pty Ltd 



2000 



$67,000 



Nestle Australia 
Pty Ltd 



University of 
South Australia, 
Division of Health 
Sciences Research 
Infrastructure 
Grant 

Numico Research 
Australia Pty Ltd 



Numico Research 
Australia Pty Ltd 



2000 



$15,000 



2000 



$15,000 



1999 



$25,000 



1999 



1999 



$42,808 



$10,000 



1998 



$100,000 



1998 



$96,000 



Soltec Pty Ltd (on 1998 
behalf of Pfizer 
Pty Ltd) 

Soltec Pty Ltd (on 1998 
behalf of Pfizer 
Pty Ltd) 



$8,700 
$15,000 
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Effect of oral 
bovine colostrum 
supplementation 
on body 

composition and 
physical work 
capacity 
Development of 
an exercise 
biochemistry and 
nutrition research 
laboratory 



Buckley JD 



Buckley JD 



Numico Research 
Australia Pty Ltd 



University of 
South Australia, 
Faculty of 
Education 
Strategic 
Initiatives Grant 



1997 



$51,483 



1996 



$50,000 



Publications 

Refereed Journal Articles 

1. Pateyjohns IR, Brinkworth GD, Buckley JD, Noakes M, Clifton PM. Conparison of three 
bioelectrical impedance methods with DEXA in overweight and obese males. Obesity (in 
press) 2006. 

2. Hill AM, LaForgia J, Coates AM, Buckley JD, Howe PRC. Estimating abdominal adipose 
tissue with dual energy x-ray absorptiometry and anthropometry. Obesity (in press) 2006. 

3. Brinkworth GD, Noakes M, Buckley JD, Clifton PM. Weight loss in^roves heart rate recovery 
in overweight and obese men with features of metabolic syndrome. American Heart Journal 
152:693.el-693.e6, 2006. 

4. Buckley, JD., Thorp AJ, Murphy KJ, and PRC Howe. Dose-dependent inhibition of the post- 
prandial glycaemic response to a standard carbohydrate meal following incorporation of a- 
cyclodextrin. Annals of Nutrition and Metabolism 50: 108-1 14, 2006. 

5. Brinkworth, GD., Buckley, JD. Slavotinek, JP., and Kurmis A. Effect of bovine colostrum 
supplementation on the composition of resistance trained and untrained limbs in healthy young 
men. European Journal of Applied Physiology, 91:53-60, 2004. 

6. Brinkworth, GD. & Buckley, JD. Bovine colostrum supplementation does not affect plasma 
buffer capacity or haemoglobin content in elite female rowers. European Journal of Applied 
Physiology, 91:353-356, 2004. 

7. Brinkworth, GD. & Buckley, JD. Bovine colostrum supplementation does not affect nutrient 
absorptive capacity in healthy young men. Nutrition Research, 23(12):1619-1629, 2003. 

8. Buckley, JD., Bourdon, PC, and SM Woolford. Effect of measuring blood lactate 
concentrations using different automated lactate analysers on blood lactate transition 
thresholds. Journal of Science and Medicine in Sport. 6(4): 408-421, 2003. 

9. Buckley, JD,. GD. Brinkworth and MJ. Abbott. Effect of bovine colostrum on anaerobic 
exercise performance and plasma IGF-I. Journal of Sports Sciences, 21: 577-588, 2003. 

10. Brinkworth, GD. & Buckley, JD. Concentrated bovine colostrum protein supplementation 
reduces the incidence of self-reported synq)toms of upper respiratory infection in adult males. 
European Journal of Nutrition 42(4): 228-232,2003. 
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11. Brinkworth, GD, JD Buckley, PC Bourdon, JP Gulbin and AZ David. Oral bovine colostrum 
supplementation enhances buffer capacity but not rowing performance in elite female rowers. 
International Journal of Sports Nutrition, 12: 349-363, 2002 

12. Buckley J.D., M.J. Abbott, G.D. Brinkworth, and P.B.D. Whyte. Bovine colostrum 
supplementation dxuing endurance running training inq)roves recovery, but not performance. 
Journal of Science and Medicine in Sport. 5(2): 65-79, 2002. 

13. Sargent C, Scroop G.C., Nemeth P.M., Burnet R.B. and Buckley J.D. Maximal oxygen 
uptake and lactate metabolism are normal in chronic fatigue syndrome. Medicine and Science 
in Sports and Exercise 34(l):51-56, 2002. 

14. Buckley J.D., Scroop, G.C. and Catcheside, P.G. No difference in net uptake or disposal of 
lactate by trained and untrained forearms during incremental lactate infusion. European 
Journal of Applied Physiology. 85(5):412-419, 2001 

15. Buckley J and A Scammell. Does a diet of colostrum improve athletic performance? Asian- 
Australasian Joiunal of Animal Sciences 13(Suppl.): 312-315, 2000. 

16. Gore, C.J., S.C. Little, A.G. Hahn, G.C. Scroop, K.I. Norton, P.C. Bourdon, S.M. Woolford, 
J.D. Buckley, T. Stanef, D,P. Canq)bell, D.B. Watson, D.L. Emonson. Reduced performance 
of male and female athletes at 580 m altitude. European Journal of Applied Physiology 
75:136-143, 1997. 

17. Buckley J.D., G.C. Scroop and P.G. Catcheside. Lactate disposal in resting trained and 
imtrained forearm skeletal muscle during high intensity leg exercise. European Journal of 
Applied Physiology 67(4):360-366, 1993. 



Book Chapters 

18. Buckley J, Hill A, Coates A, Howe P. Sin^ler diet and exercise solutions for managing 
obesity. In: Physical Activity and Obesity, Hills AP, Bryne NM and King NA (eds), Smith- 
Gordon and Co, London. 2006; pp 100-104. 



Editorials 

19. Buckley, JD. Bovine Colostrum: does it in^rove athletic performance? Nutrition 18(9): 776- 
777, 2002. 



Conference papers (Full refereed papers) 

20. Buckley J and A Scammell. Does a diet of colostrum in^rove athletic performance? Current 
topics in dairy production 5:91-94, 2000. 

21. Scroop, G.C. and J.D. Buckley. Lactate metabolism during exercise. Invited Review. 
Proceedings of the Australian Physiological and Pharmacological Society 24 (2):81-86, 1993. 



Conference abstracts (Refereed) 

22. PRC Howe, AM Hill, AM Coates, JD Buckley, R Ross, F Thielecke. Can EGCG reduce 
abdominal fat in obese subjects? 47* Annual meeting of the American College of Nutrition, 
Nevada, October, 2006. 

23. GD Brinkworth, M Noakes, JD Buckley, PM Clifton. Weight loss inproves heart rate 
recovery in overweight and obese men with features of metabolic syndrome. Obesity Reviews 
7(2 Suppl):306, 2006. 
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24. Howe P, A Coates, A Hill, J Buckley, J Taylor, R Ross, F Thielecke. Cardiovascular and 
metabolic effects of epigallocatechin gallate (EGCG) supplementation in conjunction with an 
exercise program in overweight women. Obesity Reviews (7(2 Suppl):310, 2006. 

25. GD Brinkworth, M Noakes, JD Buckley, PM Clifton. Weight loss improves heart rate 
recovery in overweight and obese men with features of metabolic syndrome. Physical Activity 
and Obesity, Satellite conference of the 10* International Conference on Obesity, Brisbane, 
September 2006. 

26. J Buckley. Simpler diet and exercise strategies for managing obesity. Physical Activity and 
Obesity, Satellite conference of the 10* International Conference on Obesity, Brisbane, 
September 2006. 

27. AM Coates, JD Buckley, A Ferrante, PRC Howe. Dose-dependent effects of DHA-rich tuna 
oil on cardiovascular and inflammatory markers. 7* Congress of the International Society for 
the Study of Fatty Acids and Lipids, Cairns, July, 2006. 

28. AMHilll, JD Buckley, KJ Murphy, PRC Howe. Running on fish oil: benefits of omega-3 
supplementation and exercise. 7 Congress of the International Society for the Study of Fatty 
Acids and Lipids, Cairns, July, 2006. 

29. T Pettman, G Misan, K Warren, M Haas, K Owen, J Buckley, A Coates, P Howe. Countering 
metabolic syndrome through sustainable dietary and physical activity modification. Physical 
Activity and Obesity, Satellite conference of the 10* International Conference on Obesity, 
Brisbane, September 2006. 

30. A Hill, J LaForgia, A Coates, J Buckley, PRC Howe. DXA and anthropometry to predict intra 
abdominal adipose tissue. Physical Activity and Obesity, Satellite conference of the 10* 
International Conference on Obesity, Brisbane, September 2006. 

31. PC Bourdon, J Buckley. A single test for assessing physiological and performance parameters 
in rowers. 1 1* annual congress of the European College of Sports Sciences. Lausanne, July 
2006. 

32. A Thorp, A Coates, J Buckley, T Mori , J Hodgson, B Meyer, P .Howe. Lack of effect of soy 
diets on LDL cholesterol. Australian Society for Medical Research, Adelaide, June 2006. 

33. Buckley JD, Thomson R, Coates AM, Howe PRC. A novel hydrolysate of whey protein isolate 
enhances isometric muscle torque following eccentric exercise. Journal of the Intemational 
Society of Sports Nutrition. 3 (1) S2, 2006. 

34. JD Buckley, S Burgess, KJ Murphy, PRC Howe. Effects of omega-3 polyunsaturated fatty 
acids on cardiovascular risk, exercise performance and recovery in Australian Football League 
(AFL) players. Asia Pac J Clin Nutr 14:S57, 2005. 

35. AM Hill, JD Buckley, KJ Murphy, DA Saint, AM Morris and PRC Howe. Combmed effects 
of omega-3 supplementation and regular exercise on body composition and cardiovascular risk 
factors. Asia Pac J Clin Nutr 14:S57, 2005. 

36. J Buckley, A Thorp, K Murphy, P Howe. Dose-dependent inhibition of the post-prandial 
glycemic response to a standard carbohydrate meal following incorporation of -cyclodextrin. 
Asia Pac J Clin Nutr 14:S77, 2005. 

37. A Thorp, A Morris, J Buckley, T Mori , J Hodgson, B Meyer & P Howe. Isoflavones 
influence the extent of plasma cholesterol reduction by soy protein. Asia Pac J Clin Nutr 
14:S75, 2005, 
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38. GD Brinkworth, IR Patejjohns, JD Buckley. Evaluation of three bioelectrical impedance 
analysers to assess body con:^)Osition in overweight and obese males. Asia Pac J Clin Nutr 
14:8115,2005. 

39. Buckley J, Davison K, Bircher S, Hill A, Howe P. Obesity and cardiorespiratory fitness may 
differentially affect arterial function in sedentary subjects. Australian Society for the Study of 
Obesity, Adelaide, October 2005. 

40. Hill A, Buckley J, Murphy K, Saint D, Howe P. Omega - 3 supplementation enhances body fat 
loss during exercise. 2nd International Symposium on Triglycerides and HDL, New York, July 
2005 

41. Thorp A, Morris A, Buckley J, Mori T, Hodgson J, Meyer B & Howe P. Lipid lowering 
effects of foods containing soy protein and isoflavones. Australian Society for Medical 
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which showed that endurance exercise training can increase intestiiial permeability. 
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immune function. 
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Channel 7 news (National) - Thursday June 4, 2004 - news article on research on Omega-3 fatty acids 
and exercise effects on obesity 
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taking fish oil during exercise can reduce body fat. 
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introduce low glycemic index foods to reduce body fat. 

Channel 10 news - Friday 3 Febmary 2006 - news article on research study investigating effects of 
whey peptides on mood, satiety, muscle strength and recovery. 

Radio Adelaide - Tuesday 7 February 2006 - interview on research study investigating effects of whey 
peptides on mood and satiety. 

Radio Adelaide - Thursday 9 February 2006 - interview on research study investigating effects of whey 
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ABC News - Thursday 2 March 2006 - interview regarding role of whey protein isolate on muscle 
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with whey protein isolate on recovery of muscle function, performance and inflammation. 
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Comparative binding of bovine, human and rat insulin-like growth factors 
to membrane receptors and to antibodies against human insulin-like 
growth factor-1. 

L C Read, F J Ballard, G L Francis, R C Baxter, C J Bagley, and J C Wallace 

►This article has been cited by other articles in PMC. 
Abstract 

The immunological properties of human, bovine and rat insulin-like growth 
factors (IGF) and insulin were compared in competitive binding studies with 
Trio and NPA polyclonal antisera raised in rabbits against human IGF-1. 
Bovine IGF-1 was 11-19% as effective as human IGF-1 in competing for 
bindins with 1251-labelled human IGF-1 . whereas IGF-2 reacted poorly and 
insulin did not compete. Similar competitive binding curves were obtained 
with the mouse monoclonal anti-(human IGF-1) antibody 3D1, except that 
bovine IGF-1 showed a severalfold greater affinity for the monoclonal 
antibody than for either polyclonal antiserum. Membranes isolated fi:'om human 
placenta, sheep placenta and foetal-human liver were used as sources of 
cellular receptors. In human placental membranes, most of the binding of IGF- 
1 tracers could be attributed to a type-1 receptor, because insuUn inhibited up 
to 65% of tracer binding. The other two tissues apparently contain only type-2 
receptors, as evidenced by the very low potency of bovine or human IGF-1 in 
competing for binding with IGF-2 tracers and the absence of any competition 
by insulin. In competition for binding with labelled bovine or human IGF-1 to 
human placental membranes, bovine IGF-1 had a similar potency to human 
IGF-1, whereas bovine IGF-1 was more potent in binding studies with tissues 
rich in type-2 receptors. Rat IGF-2 was considerably less effective than human 
IGF-2 in competition for receptors on any of the membrane preparations. 
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Although many new peptide growth 
factors have been isolated and character- 
ized (/), there have been few studies on 
the activity of these materials in vivo. An 
imponant area for potential application 
of peptide gi-owth factors is the enhance- 
ment of wound healing. Despite the need 
for rapid healing in the treatment of 
severe burns, trauma, diabetic and decu- 
bitus ulcers, and other conditions, there 
is no practical way at present to acceler- 
ate wound healing with pharmacological 
agents. Although it has been suggested 
that epidermal growth factor (EGF) 
might be of benefit (2), it has not yet 
been extensively used in a practical way 
for wound healing. The ability of a relat- 
ed and newly discovered set of polypep- 
tides, the transforming growth factors 
(TGF*s), to promote growth of ceils un- 
der highly restrictive conditions in vitro 
suggests that TCP's might have useful 
applications in vivo for wound healing. 
We now report a large-scale isolatiori of 
TGF's from readily available bovine 
sources and a demonstration of the in 
vivo activity of an isolated TGF in 
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an experimental wound healing system. 

Transforming growth factors are a het- 
erogeneous set of low molecular weight 
polypeptides defined by their ability to 
induce the transformed phenotype — par- 
ticularly anchorage-independent growth 
in soft agar — in untransformed indicator 
cells that ordinarily do not grow in soft 
agar {3, 4). Transforming growth factors 
have been found in almost all tissues, 
both nonneoplastic and neoplastic, from 
many different species of animals, in- 




Fig. 1. Diagram of arrangement of wound 
chambers in the back of a rat. The chambers 
are made of stainless steel wire mesh and are 
2 cm long and I cm in diameter. Male Buffalo 
rats, weighing 400 to 500 g and approximately 
12 months old, were used in all experiments. 



eluding man {4, 5). The finding of TGF's 
in blood platelets (6) suggests that TGF*s 
may have a role in wound healing and 
tissue repair. Since TGF's have impor- 
tant functiorial . interactions with EGF 
and its receptor, we have proposed a 
new classification of TGF's based on 
their relationships with EGF (7). Type a 
TGF's are those that compete with EGF 
for receptor binding and do not require 
EGF for induction of colony formation 
by indicator cells in soft agar, whereas 
type p TGF's do not compete with EGF 
for receptor binding, biit do require the 
presence of EGF (or EGF-like polypepi- 
tides) for induction of colony formation 
in soft agar. Both types of TGF activity 
have been isolated from both neoplastic 
and nonneoplastic cells and tissues {3-S). 

Full details of purificatioii of bovine p- 
TGF's will be reported elsewhere. Brief- 
ly, salivary glands or kidneys, obtained 
fresh from the slaughterhouse and frozen 
imniediately on dry ice, were extracted 
in 2-kg portions with acidified ethanol 
(5). Extracts from 6 to 8 kg of tissue were 
combined and chromatographed on Bio- 
Gel P-30 with IM acetic acid on an 80- 
liter bed volume column (9). Most of the 
in vivo studies reported below were done 
^yith salivary gland or kidney TGF's pu- 
rified to this stage; their activity in vitro 
was enhanced approximately 20-fold by 
the presence of 2 to 5 ng of EGF per 
milliliter in the assay. After chromatog- 
raphy on Bio-Gel P-30, the bovine p- 
TGF's were purified further by high- 
performance liquid chromatography 
(HPLC) on ^A,Bondapak Ci8 columns for 
which an acetonitrile gradient in 0. 1 per- 
cent triiluoroacetic acid was used; this 
was followed by a second HPLC step on 
^iBohdapak CN columns with a gradient 
of Ai-propanol in 0. 1 percent trifluoroace- 
tic acid {10), 

Activity of isolated salivary gland and 
kidney p-TGF's in vivo was measured in 
a standard experimental wound healing 
model. Six, ernpty wire mesh wound 
chambers (Schilling-Hunt) (//) were sur- 
gically inserted subcutaneously in the 
back of rats in a symmetrically paired 
fashion (pairs A and D, & and E, and C 
and F in Fig. 1). The animals respond to 
these chambers as if they were wounds, 
and eventually the chambers become 
filled with fibroblasts and collagen. By 
the fourth day after insertion, the cham- 
bers become encapsulated with. connec- 
tive tissue, but there are few cells within 
the chambers themselves. There is thiis a 
defined, enclosed space within the cham- 
bers where a wound healing response 
can be quantitatively measured. At this 
time, daily injections of TGF {OA ml in 
sterile, phosphate-buffered saline) into 



Polypeptide Transforming Growth Factors Isolated from 
Bovine Sources and Used for Wound Healing in vivo 

Abstract. Transforming growth factors, which are polypeptides that induce the 
transformed phenotype in nonneoplastic cells, have been isolated in hulk amounts 
from bovine salivary gland and kidney. In experiments in which wound healing 
chambers were implanted subcutaneously in the backs of rats, these bovine 
transforming growth factors accelerated the accumulation of total protein, collagen, 
and DNA in treated chambers. These studies thus show an effect of an isolated 
transforming growth factor in vivo. 



18 MARCH 1983 



1329 



chambers A, B. and C were begun. Ex- 
cept where noted, a low level of murine 
EOF {12) was included in the TCP injec- 
tions to potentiate TGF activity. Cham- 
bers D, E, and F were used as controls 
and were injected with an amount of 
bovine serum albumin (BSA), either 
alone or in combination with either TGF 
or EGF, to provide an amount of total 
protein equivalent to the amount of TGF 
injected into chambers A, B, and C. 
Injections were made once daily for ei- 
ther 5 days (Table 1) or 9 days (Table 2). 
All injected materials were sterile. The 
rats were killed 6 hours after, the last 
TGF injection; the animals treated for 9 
days (Table 2) were given intraperitoneal 
injections of [^HJthymidine (0,5 mCi; 
specific activity, 6.7 Ci/mmole), with the 
last TGF ihjection. The chambers were 
removed from the rats, all connective 
tissue on the outside of the wire mesh 
was peeled away, and the contents of 
each chamber were determined. 



Table 1 shows that 5 days of treatment 
with p-TGF from either bovine salivary 
gland or kidney caused a highly signifi- 
cant increase in total protein in the treat- 
ed chambers, as compared to control 
chambers treated with an equivalent 
amount of BSA (experiments I and 3). 
The salivary gland TGF was still highly, 
active after two steps of purification by 
HPLC (experiment 2). The effects ob- 
served are not the sole result of the 
minute amounts of EGF that had been 
used to potentiate the activity of p-TGF, 
since a highly significant difference be- 
tween treated chambers A, B, and C, 
compared with control chambers D, E. 
and F was still observed when EGF was 
used as the control substance (experi- 
ment 4). Furthermore, when all cham- 
bers were treated with TGF, and only A, 
B, and C were treated with EGF, no 
significant difference was observed (ex- 
periment 5). At the end of experiments I 
to 4, we consistently observed that 



Table 1. Wound healing response to bovine salivary gland or kidney TGF after 5 days of 
treatment. Transforming growth factors were prepared and injected as described in the text. 
Each dose contained 25 times the amount of TGF found optimal for colony formation by normal 
rat kidney cells in a standard soft agar assay {4) and ranged from 18 to 42 colony-forming units 
(9) per dose. The amounts of protein injected per dose were: 7 jig in experiments 1.4, and 5; 25 
M-g in experiment 3, and 0.7 jig in experiment 2. All doses of EGF were 20 ng. Total protein in 
wound chambers was measured by the method of Lowry ei at. (/^. Statistical analysis of the 
data was made by comparison of matched pairs of the chambers (A versus D, B versus E, and C 
versus F) shown in Fig. I. 



Ex- 
peri- 



Treatment 



Chambers 
A, B, C 



Chambers 
D. E, F 



Num- 
ber of 
matched 
pairs of 
cham- 
bers 



Average arnount 
of protein per 
chamber (mg)* 

A, B,C D, E, F 



Average 
ratiot 



TGF (salivary, 

P-30) + EGF 
TGF (salivary, 

HPLC) + EGF 
TGF (kidney, 

P-30) + EGF 
TGF (salivary, 

P-30) + EGF 
TGF (salivary, 

P-30) + EGF 



BSA 36 10 3.9 3.8 ± 0.6 < .001 

BSA 9 8.4 2.9 4.6 ±1.0 < .02 

BSA 9 8.1 3.5 5.2 ± 1.5 < .005 

EGF 9 9.6 5.3 2.1 ± 0.3 < .02 

TGF 9 11.2 9.6 1.4 ± 0.3 .5 



♦For method of computation, see (/J). tAverage of matched-pair ratios, A/D, B/E. C/F. ± standard error 
of the mean (S.E.M.). tOne-stded P values based on the sign test. 



Table 2. Wound healing response to bovine salivary gland TGF after 9 days of treatment. 
Chambers A, B, and C were injected once daily with 7 \l% of TGF (P-30) plus 20 ng of EGF. 
Chambers D, E, and F were provided an equal amount of BSA. 



Number of Average content 

Measurement mzxch^iX per chamber Average 

pairs of ratiot 

chambers A, B, C D, E, F 



Protein (rhg) 


30 


24 


15 


1.6 




0.05 


< 


.001 


DNA (^g) 


30 


21 


8.6 


2.6 




0.16 


< 


.001 


[^H]thymidine (counts per minute 


30 


45 


30 


1.7 




0.09 


< 


.001 


per microgram of DNA) 


















Collagen (mg) 


9 


5.2 


3.2 


1.8 




0.2 


< 


.005 



♦Measurements were made as discussed in {16). tAverage of malchcd-pair ratios. A/D. B/E, C/F, ± 
S.E.M. tOnc-sided P values based on the sign test. 



chambers A, B, and C were more firmly 
fixed in the surrounding connective tis- 
sue than the respective matched control 
chambers; this suggested that the eflFects 
of TGF were also manifested in the area 
immediately surrounding the chambers. 

To measure the effects of bovine sali- 
vary TGF on DNA and collagen content 
of the chambers, we found it necessary 
to treat the animals for longer than 5 
days. In an experiment in which 13 rats 
were treated for 9 days (Table 2), the 
increases in toial protein, total DNA, 
thymidine incorporation into DNA, and 
total collagen were highly significant. 
Histological examination of the contents 
of chambers treated with TGF confirmed 
the occurrence of fibroblastic prolifera- 
tiph and formation of collagen. A sterile 
infiltrate of inflammatory cells, which 
are known to be involved in physiologi- 
cal wound healing (75), was also found 
within both treated and control cham- 
bers. 

The results obtained in both experi- 
ments indicate that p-TGF's can signifi- 
cantly accelerate a wound healing re- 
sponse. Further studies in other wound 
healing models, such as measurement of 
effects on tensile strength of linear 
wounds and rate of healing of granulating 
wounds, are needed. The new growth 
factors that we have isolated are biologi- 
cally active at the nanogram level in vitro 
and in vivo and can be obtained on a 
scale large enough for further investiga- 
tion of their intrinsic physiological role 
or possible therapeutic application. 

Michael B. Sporn 
Anita B. Roberts, James H. Shull 
Joseph M. Smith, Jerrold M. Ward 
National Cancer Institute, 
Bethesda, Maryland 20205 

Jaro Sodek 
National Institute of Dental Re search ^ 
Bethesda, Maryland 20205 
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In this report, we describe the pres- 
ence of a specific, saturable binding site 
for the mammalian peptide hormone thy- 
rotropin (TSH) in the pathogenic Gram- 
negative bacillus Yersinia enterocolitica. 
Several groups of observations prompt- 
ed us to explore this question. First, 
patients infected with Y. enterocolitica 
commonly display several disorders 
thought to be autoimmune in nature, 
including arthritis, erythrema nodosum, 
Reiter*s syndrome, and iritis (/). Fur- 
ther, the serum of such patients contains 
a variety of antibodies to epithelium (2), 
including some which by immunofluo- 
rescent techniques can be shown to bind 
to the cytoplasm and plasma membrane 
of human thyroid epithelium (J). The 
second group of observations relates to 
patients with the autoimmune thyroid 
diseases. Graves' disease and Hashimo- 
to*s disease; serum from these patients 
contains autoantibodies against a variety 
of thyroid antigens, including thyroid 
microsomal antigens and thyroglobulin 
(4). It is currently thought that among 
these antibodies in Graves' disease is 
an antibody against the TSH receptor 
which, like TSH, binds to the thyroid 
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membrane, activates adenylate cyclase 
therein, and initiates the thyroid hyper- 
function characteristic of this disorder 
{4), It seemed of particular interest, 
therefore, that patients with Graves' dis- 
ease and Hashimoto's disease display, 
with inordinate frequency, both circulat- 
ing agglutinins against Y. enterocolitica 
and evidence of cell-mediated immunity 
against this organism (5). Also of rele- 
vance is a report that indicates that rab- 
bits immunized against human or rabbit 
thyroid tissue develop antibodies that 
are reactive against Y, enterocolitica (6). 

Together these findings raise the pos- 
sibility that one or more components of 
the thyroid membrane and of Y. entero- 
colitica share common or cross-reacting 
antigenic determinants. To explore this 
question, we looked for functional ho- 
mology between Y. enterocolitica and 
the thyroid plasma membrane, reasoning 
that this might reflect structural similar- 
ities that could, in turn, account for 
immunologic cross-reactivity. The best 
characterized functional unit of the thy- 
roid membrane is its receptor for TSH, 
the properties of which have been stud- 
ied by well-established techniques (7). 



Therefore, we conducted experiments to 
determine whether Y, enterocolitica 
could be shown to contain any site func- 
tionally analogous to the TSH receptor 
in thyroid plasma membranes, and such 
indeed proved to be the case. 

Highly purified bovine TSH (bTSH), 
labeled with '"l by a stoichiometric 
chloramine-T method (5), was used as a 
probe. Cultures of Y. enterocolitica, se- 
rological type 0:3, preserved in the fro- 
zen state, were provided by one of us 
(S.W.). For each experiment, frozen or- 
ganisms were thawed out and cultured 
on blood agar plates, and were then 
subcultured overnight at room tempera- 
ture in brain-heart infusion broth. 

Initial experiments were directed at 
determining whether saturable binding of 
'^I-labeled bTSH to the Yersinia orga- 
nism could be demonstrated. Organisms 
were harvested by centrifugation and 
washed once with 10 mM tris-HCI buff- 
er, pH 7.4, Cells were either studied live, 
killed by treatment with heat or 0.4 per- 
cent Formalin, or treated with lysozyme 
or lysozyme-EDTA, according to tech- 
niques previously described (9). Various 
concentrations of cells were then sus- 
pended in 10 mM tris-HCI buffer, pU 7.4, 
containing *^I-labeled bTSH (approxi- 
mately 10" "Af) (10). Some tubes con- 
tained, in addition, 1.0 U of unlabeled 
TSH for measurement of nonsaturable or 
nonspecific binding. Suspensions were 
incubated for 60 minutes at room tem- 
perature, after which the bacterial resi- 
due was sedimented and counted. Under 
these conditions, nonspecific binding 
was regulariy in the range of 1 to 2 
percent of added radioactive bTSH. In 
all preparations, binding of '^^Mabeled 
bTSH in excess of nonsaturable binding 
was detected and remained constant for 
at least 6 hours. This specific binding 
varied in amount with the content of 
bacterial protein and the manner in 
which the bacteria had been treated. The 
least binding was evident in live and 
lysozyme-treated bacteria, and greatest 
binding in bacteria treated with a combi- 
nation of lysozyme and EDTA, in which 
preparations more than 20 percent of 
added '^Mabeled bTSH was bound 
(Fig. 1). We assume that the differences 
in tracer binding among bacteria pre- 
pared by the various methods were the 
result of differences in the ease of access 
of the tracer to the binding site. Because 
the greatest binding of '^I-labeled bTSH 
was observed in lysozyme-EDTA prep- 
arations, this mode of treating the 
organisms was used in all subsequent 
studies. 

Characteristics of the saturable bind- 
ing were studied in comparable experi- 



Demonstration of a Saturable Binding Site for 
Thyrotropin in Yersinia enterocolitica 

Abstract. Several lines of evidence suggest that there might be immunologic cross- 
reactivity between the thyroid plasma membrane in humans and antigenic determi- 
nants in the enteric pathogen Yersinia enterocolitica. Studies were therefore 
performed to determine whether Y. enterocolitica, like the thyroid membrane, 
contains a thyrotropin binding site. A saturable binding site for bovine thyrotropin 
was indeed demonstrable, particularly in preparations of the organism that have 
been treated with ethylenediaminetetraacetate and lysozyme. Hormonal specificity 
of the binding site, as judged from the inhibition of binding of '^^I-labeled bovine 
thyrotropin, was similar to that of the thyrotropin receptor in human thyroid tissue. 
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